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SUMMARY.-
P rev ious assessm en ts o f  th e  e f f ic a c y  o f in a c t iv a te d  in f lu e n z a  
A v acc in e s  have met w ith  on ly  l im ite d  su cce ss . Low ch a llen g e  r a t e s ,  
la c k  o f a s ta b le  p o p u la tio n  and in ad equate  in fo rm a tio n  on v acc in e  
and c o n tro l  groups have made r e s u l t s  d i f f i c u l t  to  i n t e r p r e t .  T h is  
work was U ndertaken  to  o b ta in  a more a c c u ra te  assessm ent o f  th e  
p ro te c t iv e  e f f e c t  o f in a c t iv a te d  v acc in es  and o f n a tu r a l  in f e c t io n  
in  an e ra  o f in f lu e n z a  A d r i f t  fo llo w in g  th e  emergence o f  a  new 
pandemic su b -ty p e .
A t r i a l  o f in a c t iv a te d  in f lu e n z a  v acc in es  was c a r r ie d  ou t in  
a boys* bo ard in g  schoo l from November 1970 to  O ctober 1975*
Techniques were developed f o r  th e  e s tim a tio n  o f  c i r c u la t in g  a n tib o d ie s  
to  th e  haem agg lu tin in  and neuram in idase . There was no tech n iq u e  
s u i ta b le  f o r  th e  e s tim a tio n  o f  neuram inidase a n tib o d ie s  on a  la rg e  
s c a le .  The mechanism o f  n e u ra m in id a se -h a e m a g g lu tin a tio n - in h ib itio n  
was in v e s t ig a te d  and a novel tech n iq u e  was evo lved . E s tim a tio n  o f 
a n tib o d ie s  to  b o th  su rfa ce  a n tig e n s  made i t  p o s s ib le  to  a s s e s s  more 
com pletely  th e  response  to  n a tu r a l  in f e c t io n  and v a c c in a tio n .
During th e  t r i a l  p e r io d  a l l  in f lu e n z a - l ik e  i l l n e s s  was 
in v e s t ig a te d  and th e  in c id e n ce  o f  s u b - c l in ic a l  in f e c t io n  w ith  
in f lu e n z a  A a sc e r ta in e d . Two m ajor o u tb reak s  o f  in f lu e n z a  A o c cu rred  
( in  1972 and 1974) d u rin g  th e  s tudy  p e rio d  and one ( i n  1976) s h o r t ly  
a f t e r  th e  end o f  th e  t r i a l .
A ntibody produced a f t e r  p rim ary  n a tu r a l  in f e c t io n  w ith  a  new 
sub-type  o f  in f lu e n z a  A rem ained d e te c ta b le  f o r  some y e a rs  a s  d id  
v acc in e -in d u ced  an tib o d y . P rev io u s  n a tu r a l  in f e c t io n  w ith  in f lu e n z a  
A in f lu e n c e d  vacc in e  response and th e  e f f e c t  o f n a tu r a l  c h a lle n g e .
The an tib o d y  response to  re -v a c c in a tio n  w ith  th e  same s t r a i n  was p o o r.
The p ro te c t iv e  e f f e c t  o f n a tu r a l  in f e c t io n  and v a c c in a tio n  on
challenge  w ith  l a t e r  v a r ia n ts  was s tu d ie d  during  th e  o u tb reak s. 
In f lu e n z a  A in a c t iv a te d  v acc ines were shown to  have a co n sid e rab le  
p ro te c tiv e  e f f e c t  only when th e  vaccine s t r a in  was an immediate 
p re c u rso r  o f th e  challenge  s t r a in .  N a tu ra l in fe c t io n  gave much 
g re a te r  p ro te c t io n -a g a in s t  subsequent n a tu ra l  ch a llen g e .
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Introduction
INTRODUCTION.
This tro u b le d  w orld i s  s ig h in g  now,
The » flu  i s  a t  th e  door,
And many fo lk s  a re  dying now,
HTho never d ied  b e fo re .
Anon.
The v i r u s .
In f lu e n z a  A i s  a v iru s  o f the  fam ily  O rthom yxoviridae, genus 
in f lu e n z a  v iru s  type A (F enner, 1976). The s t r u c tu r a l  d e t a i l s  of 
in f lu e n z a  v iru s  have been th e  su b je c t o f ex ten siv e  s tu d y . I t  was 
one o f th e  f i r s t  v iru s e s  to  be s tu d ie d  by e le c tro n  m icroscopy 
(T ay lo r e t  a l , 1943) ,  th e  f i r s t  shown to  a g g lu tin a te  red  b lood  c e l l s  
( H ir s t ,  1941), to  po ssess  an enzyme as a s t r u c tu r a l  p ro te in  ( H ir s t ,
1942) and to  bud from th e  c e l l  membrane (Murphy and Bang, 1952).
L a te r  s tu d ie s  showed an enveloped h e l i c a l  nuc leo cap sid  w ith  r a d ia l  
p ro je c tio n s  o r sp ik es  (Horne e t  a l , 1960; Hoyle, Horne and W aterson, 
1961) .  The v iru s  i s  approxim ately  sp h e r ic a l  between 80 and i20tt*n 
in  d iam e ter, a lthough  filam en to u s forms o f v a ry ing  le n g th  and th e  
same d iam eter a re  f re q u e n tly  p re s e n t. S tr u c tu ra l  d e t a i l s  and fu n c tio n s  
have been in v e s t ig a te d  and d e fin ed  and c u rre n t in te r p r e ta t io n  i s  as 
fo llo w s; th e  n u c leo p ro te in  i s  s in g le  s tran d ed  RNA con ta ined  in  a 
h e l i c a l  r ib o n u c le o p ro te in  (RNP) in te r n a l  component. Evidence su g g es ts  
th a t  th e  RNA. i s  segmented in to  a t  l e a s t  s ix  components o f d i f f e r e n t  
m olecu lar w eights which can be d i f f e r e n t ia te d  on po lyacry lam ide g e ls  
(S k eh e l, 1971)• Tke RNP i s  con tained  in  a membrane o r m a trix  
surrounding  which i s  a l i p i d  b i la y e r .  A tta tc h ed  to  and p ro tru d in g  
beyond t h i s  b i la y e r  a re  th e  haem agglutin in  and neuram inidase s p ik e s .
The a v a ila b le  evidence i s  th a t  th e  n u c le o p ro te in s , m a trix  p r o te in ,
haem agglu tin in  and neuram inidase a re  sp e c if ie d  by th e  RNA genome, 
b u t th a t  th e  l i p i d  b i la y e r  i s  la rg e ly  o r  e n t i r e ly  composed o f 
m a te r ia ls  d e riv ed  from th e  h o s t c e l l .  (Compans and Chopin, 1975; 
Compans and Dimmock, 1969).
The n u c leo p ro te in  co n ta in s  th e  RNA and th e re  i s  no evidence to  
suggest th a t  th e  n u c leo p ro te in  as d i s t i n c t  from th e  RNA serv es  any 
purpose o th e r  than  to  p ro te c t  i t  (P ons, 1975)-
The m a trix  p ro te in  i s  th e  m ajor s t r u c tu r a l  p ro te in  o f  th e  v i r u s ,  
u n re la te d  to  o th e r v i r a l  p ro te in s  and common to  a l l  in f lu e n z a  A 
s t r a in s  (S c h ild , 1972). There i s  no evidence a t  p re se n t to  suggest 
th a t  th e  m a trix  p ro te in  has any fu n c tio n  o th e r  th an  as s t r u c tu r a l  
component.
The haem agglu tin in  and th e  neuram inidase a re  composed o f  g lyco­
p ro te in  su b u n its  embedded in  th e  l i p i d  b i la y e r .  The haem agg lu tin in  
c o n s t i tu te s  th e  m ajor su rface  an tig en  re p re se n tin g  2$% to  35% o f 
th e  v i r a l  p ro te in  (S ch u lze , 1975* a) and may be c leaved  in to  two 
p o ly -p e p tid e s  (HA1 and HA.2) o f  d i f f e r e n t  m olecu lar w eights (L aza ro w itz , 
Compans and Chopin, i  971)• The haem agglu tin in  i s  re sp o n s ib le  f o r  
a tta tch m en t to  re c e p to rs  on h o s t c e l l s  as w e ll as to  th o se  on re d  
b lood c e l l s .  A n tibod ies produced a g a in s t  th e  haem agglu tin in  n e u t r a l i s e  
i n f e c t i v i t y  and in h ib i t  haem ag g lu tin a tio n . (L aver and K ilb o u rn e ,
1966). I t  seems probable  th a t  th e  p ro p e r t ie s  o f h o s t c e l l  a tta tch m e n t 
and red  c e l l  a tta tch m en t a re  n o t id e n t i c a l ;  a lthough  s p e c if ic  an tib o d y  
n e u t r a l i s e s  i n f e c t iv i t y  and haem ag g lu tin a tio n , in h ib i t io n  o f 
haem agg lu tina tion  by g ly c o -p ro te in s  (n o n -sp e c if ic  in h ib i to r s )  does 
no t reduce th e  i n f e c t iv i t y  o f th e  v i r u s .  (S ch u lze , 1975, ”b ) .
The neuram inidase which re p re se n ts  approxim ately  J% o f th e  
v i r a l  p ro te in  (Fromhagen, K night and Freeman, 1959) i s  in  th e  form
o f  sp ik es  composed o f fo u r  p o ly -p e p tid e s  w ith  a p o s tu la te d  mushroom 
shape (W rigley e t  a l . 1973)* The ex ac t ro le  o f th e  neuram inidase 
i s  u n c e r ta in . I n f e c t iv i t y  i s  n o t n e u tra l is e d  by an tibody  n o r i s  
a b so rb tio n  o f v iru s  to  th e  h o s t c e l l ,  enzyme a c t i v i t y  i s  however 
in h ib i te d .  (S eto  and Chang, 1969). O ther s tu d ie s  u s in g  s p e c if ic  
a n tib o d ie s  to  th e  neuram inidase suggest th a t  re le a s e  of v iru s  from 
th e  h o s t c e l l  i s  in h ib i te d  by th e  p resence o f neuram inidase an tibody  
(K ilbourne e t  a l , 1968; Compans, Dimmock and M eier-Ew art, 1969). 
However B echt, Hammerling and R o tt ,  (1971) found th a t  re le a s e  o f 
th e  v iru s  was no t impared by th e  p resence o f an tibody  b u t r a th e r ,  
a f t e r  r e le a s e ,  v iru s e s  were trap p ed  by an tibody  l a t i c e s  on th e  c e l l  
su rfa c e . P a lese  e t  a l . (1974- a) s ta te d  t h a t  " th e  fu n c tio n  o f 
neuram inidase rem ains th e  source o f u n c e r ta in ty  and m ystery” b u t 
showed th a t  in f lu e n z a  v iru s  r e p l ic a t io n  was in h ib i te d  by s p e c if ic  
chem ical in h ib i to r s  o f neuram inidase and l a t e r  confirm ed th e se  
f in d in g s  (Schulman and P a le se , 1975). N euram inidase i s  a lso  
considered  to  p rev en t th e  fo rm ation  o f v iru s  ag g reg a tes  by b reak in g  
down neuram inic a c id  compounds which would o therw ise  a c t  as re c e p to r s  
f o r  th e  haem agg lu tin in . (P a le se  e t  a l , 1974 t>). In  summary 
neuram inidase has se v e ra l fu n c tio n s , i t  i s  concerned w ith  r e le a s e ,  
in  g en era l te rm s, from th e  c e l l  su rfa c e , e s s e n t ia l  f o r  r e p l ic a t io n  
of; whole v iru s  and invo lved  in  e f f i c i e n t  sp read  o f th e  v i r u s .  I t  
i s  no t im p lic a te d  in  e i th e r  in f e c t iv i t y  o r  h o s t c e l l  a tta tch m e n t. 
H is to ry  o f in f lu e n z a .
Accounts o f th e  c l i n i c a l  symptoms o f in f lu e n z a  show th a t  i t  
i s  an unvarying  d isea se  caused by a v a ry in g  v i r u s .  The symptoms 
are  o f an acu te  r e s p ir a to ry  t r a c t  in fe c t io n  c h a ra c te r is e d  by 
fe v e r is h n e s s , m a la ise , headache and muscle p a in s  (H eath , 1973).
The m o r ta l i ty  i s  low , th o se  a t  g r e a te s t  r i s k  "being th e  aged , th e  
v e ry  young and th o se  ren d e red  more v u ln e ra b le  by  u n d e rly in g  d is e a s e . 
In  1562 an in f lu e n z a - l ik e  i l l n e s s  was p re v a le n t in  S co tlan d  and, 
re g re ta b ly  b e in g  no re s p e c to r  o f ra n k , in fe c te d  th e  Queen h e r s e l f  
whereupon; "The Queene k e p t h e r  bed  f o r  s ix  days. There was no 
appearance o f danger no.r manie t h a t  d ie  o f th e  d is e a se  ex cep t some 
o ld  fo lk "  (B urnet land...'White, 1972). Sydenham, ( 1734) w rote  o f 
epidem ic coughs accompanied by f e v e r ,  aches and w earin ess  in  th e  
h ead , back  and lim bs and concluded th a t  one epidem ic c o n s t i tu t io n  
p assed  g ra d u a lly  in to  a n o th e r . D e sc r ip tio n s  o f th e  d is e a s e  i n  th e  
1700*s and l8 0 0 f s s t r e s s  th e  f e v e r ,  cough, p a in s  in  th e  back  and 
head w ith  lan g o u r and p r o s t r a t io n .  The d u ra tio n  o f th e  uncom plicated  
d is e a se  was th re e  to  f iv e  day s, convalescence b e in g  slow . I f  th e  
d is e a se  con tinued  lo n g e r th e  more s e r io u s  co m p lica tio n s  o f b r o n c h i t i s  
and pneumonia fo llo w ed , th e  f a t a l i t y  r a t e  was low (Newman, 1920).
W ith n o ta b le  ex cep tio n  o f  1918-1919 (d e s c r ib e d  l a t e r )  i t  has been 
t r u e  th rough  th e  c e n tu r ie s  t h a t  many s ick en  b u t few d ie .
I t  i s  th e n  no t th e  s e v e r i ty  o f  th e  d ise a se  b u t th e  u n iv e r s a l  
n a tu re  o f  th e  in f e c t io n s  t h a t  evoke so much i n t e r e s t .  . O f a l l  p re s e n t  
day in f e c t io u s  d is e a se s  th e  g r e a te s t  im pact on m edical s t a t i s t i c s  
i s  made b y .in f lu e n z a . The t o t a l  dea th s  from a l l  c a u se s , d e a th s  in  
th e  aged and from pneumonia a l l  r i s e  in  p a r a l l e l  w ith  in f lu e n z a l  
in f e c t io n s  as  do th e  t o t a l  s ic k n e ss  c la im s. C re ighton(l841 c i t e d  
by B urnet and W hite, 1972) w ith o u t th e  b e n e f i t  o f modern s t a t i s t i c s  
judged th e  s e v e r i ty  o f  an epidem ic more sim ply by th e  le n g th  o f th e  
o b itu a ry  columns in  ".The Tim es".
Epidem ic in f lu e n z a .
In  p rev io u s  c e n tu r ie s  in f lu e n z a  tended  to  be overshadowed by
th e  more s e r io u s  epidem ic d is e a s e s  when sm allpox, ty p h u s , th e  e n te r ic  
f e v e r s ,  p lague and tu b e rc u lo s is  were w idespread . A lthough some o f  th e  
re c o rd ed  o u tb reaks o f  in f lu e n z a -1 ik e  i l l n e s s  may n o t have been caused 
by in f lu e n z a  v iru s  in f e c t io n  i t  seems probab le  th a t  i t  was re s p o n s ib le  
f o r  most o f  th e  m ajor epidem ics in  th e  y e a rs  b e fo re  1933*
Epidem ics o f  in f lu e n z a  w ith  s im i la r  f e a tu re s  to  th o se  o f th e  
p re s e n t day were reco rd ed  from 1510 to  1837 by Thompson ( 1852) and 
as f a r  back as  1137 by C reigh ton  (1891 and 1894 c i te d  by Newman, 1920). 
The epidem ic o f 1782 i s  w orthy o f  n o te ; i t  i s  from t h i s  tim e t h a t  th e  
name ■ " in f lu e n z a "  was u sed , an a b b re v ia tio n  o f "un in f lu e n z a  d i  freddo" 
(H o rs fa l l  and Tamm, 1965)* I t  i s  a p p ro p r ia te  th a t  in  t h i s  epidem ic 
C h ris t* s  H o sp ita l f i r s t  e n te re d  th e  h i s to r y  o f  in f lu e n z a . The low 
a t ta c k  r a t e  in  c h ild re n  was n o ted  and; "on ly  2% o f th e  boys o f  C h ris t* s  
H o sp ita l  were i l l "  (M edical T ran sa c tio n s  o f  th e  Royal C ollege o f  
P h y s ic ia n s . 1785)* Epidem ics o f  in f lu e n z a  were reco rd ed  a t  i r r e g u la r  
i n t e r v a l s  in  th e  e a r ly  19th  cen tu ry  b u t a f t e r  th e  1847 o u tb reak  u n t i l  
1889 th e  in c id e n ce  o f reco rd ed  in f lu e n z a  was rem arkably low . The 
1885 pandemic which sp read  "from tiie  E as t"  was fo llow ed  by a  su cc e ss io n  
o f  epidem ics in to  th e  20th  cen tu ry  (Newman, 1920; B urnet and W hite,
1972) .
In  1918 th e  g r e a te s t  pandemic so f a r  re co rd ed  o ccu rred , acco u n tin g  
f o r  some 20 m ill io n  d e a th s , more th an  th e  combined e f f o r t s  o f b o th  
s id e s  in  th e  p receed in g  w ar. T his pandemic which again  sp read  "from  
th e  E ast"  was rem arkable in  two ways, th e  m o r ta l i ty  and th e  ages 
a f f e c te d .  The f i r s t  wave o f in f e c t io n s  in  June 1918 showed a s im i la r  
c l i n i c a l  p a t te r n  to  ou tb reaks p re v io u s ly  reco rd ed ; in f e c t io n s  were 
numerous b u t m o r ta l i ty  was low. I n  c o n tra s t  th e  second and t h i r d  
waves o f in f e c t io n  showed a m o r ta l i ty  w ithou t p re c ed e n t. I t  i s  
however n o ted  th a t  even in  t h i s  p e rio d  th e  m a jo r ity  o f cases  seen
were s t i l l  o f  uncom plicated  in f lu e n z a . I t  i s  e s tim a te d  th a t  o f every  
1,000 c a se s ; 800 were c o n s id e red  to  be th re e  day f e v e r ,  200 were 
s e r io u s ly  i l l  and o f  th e se  200 about 80 d ie d  (F ren ch , 1920). The 
change in  age in c id e n ce  was, w ith  th e  p o s s ib le  ex cep tio n  o f th e  1782 
o u tb re a k , u n ique . The h ig h e s t  a t ta c k  r a te s  were in  th e  young a d u l ts  
whereas c h ild re n  and th e  aged were r e l a t i v e l y  sp a red . By 1920 
in f lu e n z a  had re v e r te d  to  i t s  norm al m o r ta l i ty  r a t e  and age in c id e n ce  
and has rem ained so to  t h i s  d a te .
I t  i s  p o s s ib le  to  sp e c u la te  th a t  n o t one b u t two s t r a in s  o f 
in f lu e n z a  were re s p o n s ib le  f o r  th e  1918-1919 pandemic. The f i r s t  
re p re s e n tin g  a d r i f t  from a  p re v io u s ly  encoun tered  sub-type  and th e  
second a s h i f t  to  a  new sub -type  accoun ting  f o r  th e  marked d if f e r e n c e  
in  m o r ta l i ty  betw een i n i t i a l  and second o r  t h i r d  waves. I t  i s  a ls o  
p o s s ib le  t h a t  poor l iv in g  c o n d itio n s  and th e  la c k  o f  a n t ib io t i c s  to  
combat b a c t e r i a l  in f e c t io n s  were c o n tr ib u to ry  f a c to r s .  There were 
however no a n t ib io t i c s  in  th e  y e a rs  th a t  fo llo w ed  and th e  s t a t e  o f 
th e  n a t io n ’ s h e a l th  was s t i l l  v e ry  poor in  th e  1930’ s (B o n d fie ld ,
1943). T h is  account n o ted  overcrow ding, w ith  fo u r  f i f t h s  o f th e  
p o p u la tio n  l iv in g  in  c i t i e s ,  s e r io u s  u n d erfeed in g  and th e  absence o f  
f r e s h  food  which was unheard  o f  f o r  th e  m a jo r ity . P o v e rty , d eb t and 
unemployment were th e  ru le  r a t h e r  th a n  th e  ex cep tio n  and h e a l th  and 
w e lfa re  s e rv ic e s  were in a d eq u a te . I t  seems p ro b ab le  th e re fo re  t h a t  
th e  m ajor c o n tr ib u to ry  f a c to r  to  th e  1918-1919 pandemic was th e  v i r u s  
i t s e l f .
The re c e n t in v e s t ig a t io n  o f in f lu e n z a l  epidem ics began w ith  th e  
i s o l a t i o n  o f in f lu e n z a  A (S m ith , Andrewes and L aid law , 1933) and on ly  
from t h i s  tim e can epidem ics be d e fin e d  w ith  c e r t a in ty .  I t  i s  o f 
i n t e r e s t  th a t  alm ost im m ediately  ou tb reak s  o f  in f lu e n z a - l ik e  i l l n e s s  
o ccu rred  when in f lu e n z a  A was shown n o t to  be th e  c a u sa tiv e  agen t
(S tu a r t -H a r r is  e t  a l . 1938). The f i r s t  pandemic t h a t  o ccu rred  a f t e r  
t h i s  tim e was in  1946 when th e  v iru s  was deemed to  be s u f f i c i e n t ly  
changed from e a r l i e r  s t r a in s  to  be d e s ig n a te d  as a  new su b -type  ( s h i f t ) .  
Subsequent s tu d ie s  have shown th a t  in  f a c t .b o th  th e  haem agg lu tin in  
and th e  neuram in idase o f  th e  1946 s t r a in s  a re  r e l a t e d  to  th o se  o f  th e  
1930’ s and in d eed  b o th  have r e la t io n s h ip s  w ith  th e  HswNl s t r a in s  
co n sid e red  to  be re sp o n s ib le  f o r  th e  1918-1919 pandemic (K ilb o u m e , 
1973). K  seems p robab le  t h a t  one m ajor su b -type  was p re s e n t  from 
191B to  1957 and t h i s  r e p re s e n ts  a  long  p e rio d  o f  in f lu e n z a  A d r i f t i n g .
The 1957 pandem ic, caused by an in f lu e n z a  A v iru s  w ith  m ajor 
a n tig e n ic  changes o f b o th  su rfa ce  a n tig e n s  re p re se n te d  th e  f i r s t  
known s h i f t  o f in f lu e n z a  A. I t  was f i r s t  re co g n ised  in  China and 
sp read  s w if t ly  a c ro ss  th e  w orld . A lthough th e  a c tu a l  numbers o f 
th o se  in f e c te d  p robab ly  exceeded th o se  in f e c te d  in  1918-1919 th e  
m o r ta l i ty  was com parative ly  low , d e sp ite  th e  s h i f t  o f  b o th  a n tig e n s .
I n  1968 a n o th e r m ajor pandemic o ccu rred . There was an i n i t i a l  
o u tb reak  in  Hong Kong and th e  v iru s  ag a in  sp read  r a p id ly  round th e  
w orfd. The 1968 v iio is had a m ajor change in  th o  h aem ag g lu tin in , 
b u t th e  neuram inidase was id e n t i c a l  to  p rev io u s  s t r a i n s .
Immunity to  in f lu e n z a . - ^
Immunity to  in f lu e n z a  A depends on th e  v i ru s  and th e  h o s t .
Among th e  v i r a l  f a c to r s  th e  a n tig e n ic  changes in  th e  su rfa ce  a n tig e n s  
a re  o f  prim e im portance in  th e  epidem iology and immunity o f in f lu e n z a . 
The segmented n a tu re  o f  th e  SNA may be l in k e d  to  th e  phenomena o f 
g e n e tic  recom binant. That two in f lu e n z a  A s t r a in s  may combine d u rin g  
th e  sim ultaneous in f e c t io n  o f a  c e l l ,  r e s u l t in g  in  progeny v iru s e s  
w ith  c h a r a c te r i s t i c s  o f  b o th  p a re n ts ,  was shown by th e  experim en ts o f 
B urnet and L ind (1951 a ; 1951 b ) .  The p re c is e  mechanism o f  g e n e tic  
recom bination  has n o t y e t  been com pletely  c l a r i f i e d ,  b u t may re p re s e n t
a random assem bly o f th e  SNA segm ents du rin g  r e p l i c a t io n  ( H i r s t ,  1973)® 
I t  has a lso  been suggested  th a t  th e  B N P 'ra ther th an  th e  SNA segments 
i s  in v o lv ed  in  recom bination . (Compans and C a l ig u i r i ,  1973; H ir s t  
and Pons, 1973)® I n  view o f th e  c lo se  a s s i c i a t io n  o f SNP and SNA 
r e p l i c a t io n  i t  would seem lo g ic a l  th a t  b o th  a re  in v o lv ed  in  th e  
p ro cess  o f recom bination . I t  has been shown th a t  recom bination  may 
occur n a tu r a l ly  by in fe c t in g  an anim al w ith  two s t r a in s  o f  in f lu e n z a  
A s im u ltan eo u sly  and th e n  reco v erin g  recom binant s t r a in s  from  th e  
an im al. (W ebster and L aver, 1972; W ebster, Campbell and G-ranoff,
1973). I t  i s  reaso n ab le  to  sp ec u la te  t h a t  i f  recom bination  occurs 
n a tu r a l ly ,  even v e ry  r a r e ly ,  i t  i s  a  p o s s ib le  mechanism f o r  th e  
emergence o f  new pandemic in f lu e n z a  A s t r a in s .
The im portance o f th e  n u c le o p ro te in  in  immunity i s  n o t c e r t a in .  
There i s  no evidence to  suggest th a t  an tib o d y  to  th e  n u c le o p ro te in  
i s  r e l a t e d  to  immunity and th e  ro le  o f  th e  m a trix  p ro te in  i n  immunity 
i s  unknown (S c h ild , Oxford and V i r e l i z i e r ,  1975)®
C irc u la tin g  an tibody  to  th e  haem agg lu tin in  has been t r a d i t i o n a l l y  
used as an in d ic a to r  o f  p a s t  in f e c t io n  o r  immunity and has been  shown 
to  c o r r e la te  w ith  p ro te c tio n  from ch a llen g e  in  human v o lu n te e rs  
(Hobson e t  a l . 1972). In  anim al experim ents i t  has been  shown th a t  
t r a n s f e r r e d  humoral an tibody  (p a s s iv e ly  a cq u ired ) to  th e  h aem ag g lu tin in  
a lone c o n fe rre d  p ro te c t io n  a g a in s t  ch a llen g e  ( V i r e l i z i e r ,  O xford and 
S c h ild , 1976). The haem agg lu tin in  h as been  shown to  have common and 
s p e c i f ic  a n tig e n ic  de te rm in an ts  (L aver, Downie and W ebster, 1976) and 
th e  s p e c i f i c i t y  may be im p o rtan t in  immunity.
The im portance o f an tibody  to  th e  neuram inidase  i s  l e s s  w e ll 
documented. I t . h a s  been  shown th a t  neuram inidase  a n tib o d ie s  p la y  
some p a r t  in  immunity (Couch e t  a l , 1974) and th a t  th ey  may be 
r e l a t e d  to  r e s is ta n c e  to  c l i n i c a l  symptoms (Murphy, K asel and Chanock,
1972). Animal experim ents confirm  t h i s ,  ch ickens immunised w ith  th e  
neuram in idase  component a lone  were p ro te c te d  from symptoms a f t e r  
ch a llen g e  w ith  a  r e l a t e d  v i r u s .  (R o tt ,  Becht and O r lic h , 1974).
Evidence su g g es ts  t h a t ,  l i k e  th e  h aem ag g lu tin in , th e  neuram inidase 
has common and s p e c if ic  a n tig e n ic  d e te rm in a n ts . (Dowdle e t  a l . 1976).
I t  would seem th e re fo re  t h a t  b o th  haem agg lu tin in  and neuram inidase 
a re  r e l a t e d  to  i n f e c t i v i t y  and sp read  o f  th e  v iru s  and th e  co rrespond ing  
a n tib o d ie s  a re  r e la te d  to  immunity. I t  i s  c l e a r  t h a t  account should  
be  ta k en  o f  b o th  an tig e n s  and t h e i r  s p e c i f i c i t y  when any s tu d y  o f 
immunity i s  undertaken . The success o f  th e  v i ru s  as an in f e c t in g  ag en t 
depends on a supply  o f non-immune h o s ts .  The a n tig e n ic  changes in  th e  
su rfa ce  a n tig e n s  ensu re  th a t  th o se  in fe c te d  w ith  in f lu e n z a  A w i l l  
e v e n tu a lly  meet a new v a r ia n t  s u f f i c i e n t ly  changes in  i t s  su rfa c e  
a n tig e n s  to  be ab le  to  r e - i n f e c t  th e  h o s t .
A lthough th e  s t r a in s  o f in f lu e n z a  A in  c i r c u la t io n  s in c e  1968 a re  
a l l  o f th e  same sub-type  w ith  "common” components in  b o th  th e  
haem ag g lu tin in  and th e  neuram in idase th e re  have been  p ro g re s s iv e  
changes in  th e  " s p e c if ic "  components o f b o th  th e s s  su rfa ce  a n tig e n s .
The a n tig e n ic  d r i f t  o f  th e  su rfa ce  a n tig e n s  o f  th e  H3N2 s e r i e s  i s  
shown below .
A n tigen ic  d r i f t  o f  in f lu e n z a  A.
( a f t e r  S c h ild  e t  a l , 1975)*
A sian e ra  Hong Kong e ra
1957-67 1968 1969 1970 1971 1972 1973 1974
A ntigen
H aem agglutin in  H2 H 3 ------------- :------ ->• H3, - >  H3*-*-* H3*”-*- H3'"'
N euram inidase N2 -------------- > N2--------------------------------* - N 2 /--------
The h o s t f a c to r s  in v o lv ed  in  immunity to  in f lu e n z a  a re  complex* 
C irc u la tin g  an tib o d y  to  haem agglu tin in  and neuram inidase  ap p ears  to  
be a  reaso n ab le  index  o f n a tu ra l  o r  v acc in e -in d u ced  immunity (S c h ild , 
Oxford and V i r e l i z i e r ,  1975) and t y r e l l  e t  a l  (1973) showed th a t  
r e s is ta n c e  to  in f e c t io n  was b e s t  p re d ic te d  by serum an tib o d ie s*
L o c a lly  induced  immunity has been shown to  be p ro te c t iv e  a g a in s t  
subsequent c h a llen g e  even in  th e  absence o f c i r c u la t in g  an tib o d y  
(Mann e t  a l * 1968) and i t  i s  reaso n ab le  to  assume th a t  s e c re to ry  IgA 
i s  an a d d it iv e  p r o te c to r  w ith  c i r c u la t in g  antibody* The r o le  o f c e l l  
m ediated  immunity in  in f lu e n z a l  in fe c t io n s  o f  man i s  u n c e rta in *  
E v a lu a tio n  i s  made d i f f i c u l t  by th e  sim ultaneous humoral an tib o d y  
response  (Schulm an, 1975) and com plicated  by th e  p o s s i b i l i t y  t h a t  th e  
p ro d u c tio n  o f s p e c if ic  c i r c u la t in g  an tibody  to  th e  h aem ag g lu tin in  i s  
dependant on thym us-derived  lym phocytes ( V i r e l i z i e r  e t  a l , 1974).
Animal experim ents su g g est t h a t  c e l l  m ediated  immunity may be l e s s  
im p o rtan t th an  c i r c u la t in g  an tibody  in  p re v e n tin g  in f e c t io n  w ith  
in f lu e n z a  v i r u s  (P o rtn o y , Bloom and M erigan, 1973) and th a t  th e  most 
im p o rtan t f a c to r  i s  c i r c u la t in g  an tibody  ( V i r e l i z i e r ,  Oxford and 
S c h ild , 1976).
L abora to ry  t e s t s  f o r  a n tib o d ie s  to  th e  h aem agg lu tin in  and neuram in idase
a . H aem agglutinin*
Since th e  d isco v e ry  th a t  in f lu e n z a  v iru s e s  would h aem ag g lu tin a te  
the  re d  b lo o d  c e l l s  o f  ch ickens ( H i r s t ,  1941), t e s t s  in v o lv in g  
h aem ag g lu tin a tio n  have been w idely  used  and m odified* V a r ia t io n s  in  
r e s u l t s  can o ccu r from day to  day and a ttem p ts  were made to  s ta n d a rd is e  
t e s t s  in v o lv in g  h aem ag g lu tin a tio n  as e a r ly  as 1944* (M il le r  and S ta n le y
1944). More r e c e n t ly  H ie rh o lz e r , Suggs and H a ll (1969) u sed  a  
m ic r o t i t r e  system s im ila r  to  th a t  p lanned  f o r  use in  t h i s  s e r i e s  to  
measure antibody* I t  was concluded th a t  h aem ag g lu tin a tio n  te ch n iq u es
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u sin g  0 ,025  cm u n i t  volumes cou ld  be s ta n d a rd ise d  and used to  e s tim a te  
in f lu e n z a  v iru s  o r i t s  an tib o d y , p ro v id in g  th a t  account i s  tak en  o f th e  
f a c t  th a t  th e  num erical va lue  o f  a t i t r e  can vary  w ith  the  t e s t  
c o n d itio n s . I t  has a lso  been shown (S ev e r, 1962) t h a t  th e  m ic r o t i t r e  
techn ique  g iv es  r e s u l t s  comparable w ith  th o se  o b ta in ed  u s in g  la r g e r  
u n i t  volumes,
b . N euram inidase.
Two tech n iq u es  a re  commonly used  f o r  neuram inidase an tibody  
e s tim a tio n , neuram inidase in h ib i t io n  (N l) and s in g le  r a d ia l  d if fu s io n  
(SRD). NI methods a re  based  on th e  assay  o f  th e  enzymic a c t i v i t y  o f 
neuram inidase as d e sc rib e d  by Aminoff ( 1961) and th e  in h ib i t io n  o f t h i s  
a c t i v i t y  by neuram inidase a n tib o d ie s . NI t e s t  p rocedures (Aymard- 
Henry e t  a l , 1973) a re  a  m u lt i- s ta g e  p ro c e ss . V ir a l  neuram inidase 
re le a s e s  f r e e  N -a ce ty l neuram inic a c id  (NANA) from a s u b s tra te  
( f e tu in )  in  d i r e c t  p ro p o rtio n  to  th e  amount o f neuram inidase p re s e n t 
in  an in f lu e n z a  v iru s  su spension . F ree  NANA, i s  th en  converted  by 
p e rio d a te  o x id a tio n  t o / 2  form yl py ruv ic  a c id . A chromophore i s  form ed 
w ith  th io b a r b i tu r ic  a c id  and e x tra c te d  w ith  a c id  b u ta n o l. The o p t ic a l  
d e n s ity  o f  th e  s o lu tio n  i s  m easured w ith  a  sp ec tro p h o to m ete r, g iv in g  
a  s tan d ard  re a d in g . I f  s p e c if ic  an tibody  i s  mixed w ith  the  in f lu e n z a  
v i ru s  su sp en sio n , in h ib i t io n  o f  th e  enzyme a c t i v i t y  ta k e s  p la c e . The 
amount o f  in h ib i t io n  can be e s tim a te d  by com parison w ith  th e  s ta n d a rd  
and th e  NI t i t r e  c a lc u la te d .
SRD t e s t s  (S c h i ld ,  1972) in v o lv e  th e  use o f  p u r i f ie d  in f lu e n z a  
v iru s  in  an a g a r g e l .  W ells a re  c u t in  th e  g e l and f i l l e d  w ith  t e s t  
s e r a .  A n tibod ies d if f u s e  th rough th e  a g a r form ing o p a le sc en t zones.
In  b o th  tech n iq u es  recom binant in f lu e n z a  v iru s e s  having  re le v a n t  
neuram inidase and i r r e l e v a n t  h aem agg lu tin in  can be used  to  g ive 
read in g s  s p e c if ic  f o r  th e  neuram in idase .
The NI t e s t  i s  te c h n ic a l ly  ex trem ely  cumbersome to  perform  and
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re q u ire d  r e l a t i v e ly  la rg e  volumes o f serum, 0 ,5  cm p e r  t e s t .  The 
techn ique  i s  d i f f i c u l t  to  s ta n d a rd ise  f o r  human se ra  and i t  has been 
s ta te d  t h a t ;  " I t  ( th e  NT t e s t )  i s  n o t an e f f i c i e n t  t e s t  f o r  th e  
se ro d iag n o s is  o f  i l l n e s s .  The NI t e s t  d e sc rib e d  h e re  i s  in te n d e d  
p r im a r i ly  f o r  th e  id e n t i f i c a t i o n  o f  N a n tig e n s"  (Palm er e t  a l . 1975)*
SRD i s  te c h n ic a l ly  sim ple and la rg e  numbers o f s e ra  can be te s t e d .  
However p u r i f ie d  co n ce n tra te d  a n tig e n , about 4  X 10^ h aem ag g lu tin a tin g  
u n i ts  p e r  cm , i s  re q u ire d  to  p rep a re  th e  ag a r a n tig e n  g e ls  (S c h ild , 
1972). The tim e taken  i n  an tig e n  p re p a ra t io n  i s  a l im i t in g  f a c to r  on 
th e  number o f s e ra  which can be te s t e d  by SRD.
Neuram inidase h aem ag g lu tin a tio n  in h ib i t io n  (N-Hl) te ch n iq u e .
H aem agglu tination  by in f lu e n z a  A v iru s e s  can be in h ib i te d  under 
c e r ta in  c ircum stances by neuram inidase a n tib o d ie s  (K ilbourne e t  a l , 
1968). T his in h ib i t io n  can be enhanced by th e  a d d itio n  o f v a r io u s  
p ro te in s  to  th e  t e s t  system (K endle, Minuse and D avenport, 1972;
Dowdle, S ara tean u  and Reim er, 1972). Anti-human immunoglobulin 
has a lso  been  used  to  enhance neuram inidase an tibody  t i t r e s .  S c h ild  
and Dowdle (1975) s ta te d  t h a t ;  "The mechanism o f  t i t r e  enhancement
a
by anti-im m unoglobulin  has n o t been e lu c id a te d . Presum ably, e i t h e r  
an ti-im m unoglobulin  in c re a s e s  th e  s iz e  o f  th e  n e u ra m in id a se -a n ti-  
neuram inidase an tibody  complex, th u s  e n la rg in g  th e  e f f e c t iv e  a re a  o f 
s t e r i c  h in d ra n c e , o r  i t  causes a g g reg a tio n  o f  th e  v i r u s - a n t i -  
neuram inidase an tibody  com plexes". The degree o f  enhancement w ith  
anti-hum an immunoglobulin v a r ie s  w ith  d i f f e r e n t  b a tch es  (Dowdle e t  a l , 
1972). Dowdle, G-alphin and Noble (1975) su g g ested  f e tu in  as  th e  
enhancing p r o te in .  The mechanism of f e tu in  enhancement o f  neuram in idase 
an tibody  t i t r e s  i s  no t c le a r  b u t i s  p robab ly  more c lo s e ly  a s s o c ia te d
w ith  th e  p ro p e r t ie s  o f  th e  haem agglu tin in  than  th e  neuram in idase 
(Dowdle, 1975)• A lthough th e  use o f  th e  N-HI t e s t  as a ro u tin e  
p rocedure has n o t been re p o rte d  and th e  mechanism n o t f u l l y  
in v e s t ig a te d  i t  has p o te n t ia l  advantages over th e  NI and SRD 
tech n iq u es  f o r  t e s t i n g  la rg e  numbers o f human se ra  f o r  neuram in idase  
an tib o d ies#  Only sm all volumes o f re a g e n ts  and se ra  a re  re q u ire d  
and th e  t e s t  can be s ta n d a rd ise d  in  a  s im ila r  way to  th e  HI 
technique#
In f lu e n z a  v a c c in a tio n .
The f i r s t  a ttem p ts  to  p ro te c t  th e  p o p u la tio n  a g a in s t  in f lu e n z a
by v a c c in a tio n  were made even b e fo re  th e  c au sa tiv e  agen t was known.
Newman (1920) re p o r te d  on th e  use o f  a v acc ine  which c o n s is te d  o f  ;
"400 X 10 B a c c i l l i  in f lu e n z a e  ( P f e i f f e r ) ,  200 X 10 pneumococci and
60 X 106 s tr e p to c o c c i  p e r  cm^n, and 1850 l i t r e s  o f  t h i s  was d i s t r i b u t e d  
3 3in  0 .5  cm and 1#0 cnr d o ses . Not s u rp r is in g ly  th e  r e s u l t  was n o t a 
su ccess . The f i r s t  v a cc in e s  c o n ta in in g  in f lu e n z a  v iru s  were g iven  in  
1937 (Andrews and Smith 1937; F ran c is  and M agill 1937)* The v a cc in e s  
were shown to  be a n t ig e n ic ,  b u t e a r ly  t r i a l s  s u f fe re d  th e  same f a t e  
th a t  was to  b e f a l l  so many t h a t  fo llow ed ; th e  wrong s t r a in  was used  
f o r  v acc in e  p re p a ra t io n , th e  vaccine  was g iven  to o  l a t e ,  th e  p o p u la tio n  
was n o t ch a llen g ed  o r  in f lu e n z a  occu rred  i n  th e  v a c c in e e s . ( S tu a r t -  
H a rr is  e t  a l . 1938). Furtherm ore th e  Immune s ta tu s  o f th e  v a c c in e e s  
was n o t known and th e re  was no long term  fo llo w  up o f  th o se  v a c c in a te d . 
S ince t h i s  tim e v a rio u s  ty p es  o f  v a cc in e , e i t h e r  in a c t iv a te d  o r  l iv e  
a t te n u a te d  have been  u sed . The in a c t iv a te d  v acc in e s  have been  e i t h e r  
whole v i ru s  p u r i f i e d  by u l t r a  c e n tr i fu g a t io n  to  remove ex tran eo u s  
n o n -v ir a l  p ro te in  o r  s p l i t  v iru s  v acc in es  where th e  v i ru s  i s  d is ru p te d  
by e th y l  e th e r  o r  sodium desoxycho la te . I t  has been su g g es ted  by 
Almeida e t  a l  (1975) t h a t  f u r th e r  p u r i f i c a t io n  by a t ta tc h in g  th e
su rface  a n tig e n s  to  c a r r i e r s  (liposom es) may be v a lu a b le . The 
in a c t iv a te d  v acc in e s  have been  ad m in is te red  w ith  and w ithou t 
ad ju v an ts . L ive a t te n u a te d  v a cc in e s  have th e  advantages o f  ease  o f 
a d m in is tra tio n  and may be c o n s id e red  to  r e l a t e  more c lo se ly  to  n a tu r a l  
in fe c t io n .  However th e  p ro d u c tio n  o f  a  sa fe  immunogenic l iv e  
a tte n u a te d  vacc in e  i s  a  complex procedure and i t s  s a fe ty  and a n t ig e n ic i ty  
can only  be e s ta b l is h e d  in  human v o lu n te e rs . (McCahon, Beare and 
S te a le y , 197^)«
t y r e l l  (1976) has p o in te d  ou t t h a t  th e  on ly  f i n a l  t e s t  o f  th e  
potency o f a vacc in e  i s  i t s  a b i l i t y  to  p ro te c t  a g a in s t  d is e a se  
fo llo w in g  exposure in  an epidem ic. To o b ta in  a v a l id  assessm ent o f  
vaccine e f fe c t iv e n e s s  in  a f i e l d  t r i a l  s u b s ta n t ia l  o rg a n is a tio n  i s  
re q u ire d . V accine and m atched c o n tro l  groups o f  adequate s iz e  have 
to  be r e c r u i te d ,  v a c c in a te d  and m onito red . The t r i a l  p o p u la tio n  
must have th e  good fo r tu n e  to  experience  an epidem ic a t  an a p p ro p r ia te  
tim e w ith  a h ig h  enough a t ta c k  r a t e  to  enab le  s ig n i f ic a n t  d if f e r e n c e s  
between groups to  be observed . L ab o ra to ry  co n firm atio n  o f  a l l  c l i n i c a l  
cases i s  e s s e n t i a l .  Evidence o f in fe c t io n  in  a ty p ic a l  cases  and an 
assessm ent o f in f e c t io n  r a t e s  in  th o se  w ith  no symptoms i s  d e s ir a b le  
i f  th e  whole e f f e c t  o f th e  v acc in e s  i s  to  be e s tim a te d .
A sea rch  o f  th e  l i t e r a t u r e  su g g es ts  t h a t  th e se  c ircu m stan ces  
have been r a r e ly  enco u n te red . Much work has been  done on th e  
s e ro lo g ic a l re sp o n ses  to  v acc in es  o f d i f f e r e n t  ty p es  (P e r e i r a  e t  a l ,
1972; Mostow e t  a l , 1973; Smith e t  a l , 1975)* The response to  
ch allen g e  w ith  l iv e  v iru s  has been  s tu d ie d  in  anim als (Kaye, Dowdle 
and McQueen, 19&9; McLaren, P o t t e r  and Je n n in g s , 1 9 7 0  more 
re c e n tly  in  human v o lu n te e rs  ( P o t te r  e t  a l . 1973; Andre e t  a l t 197&). 
Another approach has been to  use la rg e  s tudy  p o p u la tio n s  and to  
compare reco rd ed  i l l n e s s  in  v a c c in a te d  and c o n tro l groups. Low v acc in e
accep tance  r a te s  and low a t ta c k  r a t e s  d u ring  lo c a l  o r  n a tio n a l  
epidem ics have made assessm ent o f  p ro te c tio n  in c o n c lu s iv e  (S m ith , 
F le tc h e r  and W herry, 1976). Mackenzie e t  a l  (1975) concluded th a t  
r e tro s p e c t iv e  s e lf -d ia g n o s is  p ro v id es  l i t t l e  u s e fu l  in fo rm a tio n  on 
.in f lu e n z a  a t ta c k  r a t e s .
V accine t r i a l s  w ith  in a c t iv a te d  v acc in es  have had some su cc e ss , 
S t iv e r  e t  a l  (1973) c i t e  f i e l d  t r i a l s  over th e  l a s t  $0 y e a rs  w ith  
e s tim a te s  o f p ro te c t io n  ran g in g  from 0 to  9 0 The American armed 
fo rc e s  have been th e  su b je c t o f vaccine  t r i a l s ,  showing some p ro te c t iv e  
e f f e c t  i f  ch allenge  o ccu rred . The a t ta c k  r a t e s  were o f te n  v e ry  low; 
1 . ^  in  c o n tro ls  compared w ith  0.3?° in  v acc in ees  (L e ib o v itz  e t  a l .
1971)• On v e ry  sm all numbers in fe c te d  w ith  a r t i f i c i a l  ch a llen g e  i t  
has been  suggested  th a t  v a c c in a tio n  may reduce th e  in c id en ce  o f 
c l i n i c a l  symptoms (Couch e t  a l , 1971)• The same a u th o rs  n o te  th e  poor 
response to  a second dose o f  th e  same v acc in e .
The t r i a l  a t  C h r is t1s H o sp i ta l ,  a boys b o a rd in g  schoo l o f  
approx im ately  800 boys was a c o n tro lle d  long  term  assessm ent o f th e  
p ro te c t iv e  e f f e c t  o f in a c t iv a te d  in f lu e n z a  A- v a cc in e . D uring th re e  
ou tb reaks o f  in f lu e n z a  A i t  was shown th a t  boys who re c e iv e d  a  vacc in e  
c o n ta in in g  an immediate p re c u rso r  to  th e  ch a llen g e  s t r a i n  had a low er 
a t ta c k  r a t e  , th a n  boys n o t so v a c c in a te d . The c ircu m stan ces  o f  th e  
t r i a l  made i t  p o s s ib le  to  compare th e  p ro te c t iv e  e f f e c t  o f  v a c c in a tio n  
w ith  th a t  o f  n a tu ra l  in fe c t io n  on n a tu r a l  ch a llen g e  w ith  in f lu e n z a  A 
s t r a in s .
Aims o f  t h i s  t h e s i s .
By th e  u se  o f th e  vaccine  t r i a l  o rg an ised  in  C hrist*  s H o sp ita l 
to  a ss e ss  th e  p ro te c t iv e  e f f e c t  o f in a c t iv a te d  in f lu e n z a  A v acc in e  
a g a in s t n a tu r a l  ch a llen g e . To determ ine th e  reaso n s f o r  th e  su ccess  
o r  f a i l u r e  o f  such a v acc in e . To determ ine th e  p r o te c t iv e  e f f e c t  o f
n a tu ra l  in f e c t io n  a g a in s t subsequent challenge  w ith  in f lu e n z a  A 
v a r ia n ts  and to  compare t h i s  w ith  vaccine  induced immunity.. To 
develop tech n iq u es  to  e s tim a te  a n tib o d ie s  to  th e  su rface  an tig en s  
w ith  r e l a t iv e  s e n s i t iv i ty  and s p e c i f i c i ty .  To determ ine th e  le n g th  
o f tim e th a t  a n tib o d ie s  to  th e  su rface  an tig en s  p e r s i s t .  To e s tim a te  
the an tibody  response to  vaccine in  in d iv id u a ls  o f d i f f e r in g  n a tu ra l  
immunity.
Materials and Methods
ORGANISATION OF THE TRIAL.
During 1970 an in f lu e n z a  vaccine  t r i a l  u s in g  k i l l e d  in f lu e n z a  A 
and B vacc in es  was i n i t i a t e d  by th e  Epidem iology R esearch L ab o ra to ry  
o f  th e  P ub lic  H ea lth  L ab o ra to ry  S erv ice  in  a boys* b o ard in g  sch o o l. 
L ab o ra to ry  in v e s t ig a t io n s  were th e  r e s p o n s ib i l i ty  o f th e  A rea P u b lic  
H ealth  L ab o ra to ry , S t .  Luke* s H o sp ita l , G u ild fo rd , where te ch n iq u es  
were decided  and r e s u l t s  i n i t i a l l y  a sse ssed . The t e s t in g  la b o ra to ry  
c a r r ie d  out a l l  in v e s t ig a t io n s  " b lin d ” and th e  key to  v acc ine  groups 
was h e ld  by th e  E p id em io log ica l R esearch L abora to ry  u n t i l  a f t e r  
la b o ra to ry  in v e s t ig a t io n s  were com pleted. N e ith e r  th e  p a r t i c ip a n ts  
n o r th e  lo c a l  m ed ical o f f i c e r  knew th e  i d e n t i ty  o f  th e  v acc in e  g roups. 
The aim o f  th e  t r i a l  was to  a sse s s  th e  p ro te c t io n  given  by  k i l l e d  
in f lu e n z a  v acc ine  to  th e  t r i a l  community a s  judged by th e  in c id e n c e  
o f c l i n i c a l  in f lu e n z a  confirm ed by la b o ra to ry  in v e s t ig a t io n s  in  
vacc ine  and c o n tro l g roups. R e su lts  re p o rte d  in  t h i s  th e s i s  a re  from 
in v e s t ig a t io n s  c a r r ie d  ou t du rin g  th e  f iv e  y e a r  p e r io d  from O ctober 
1970 to  O ctober 1975» Only in f lu e n z a  A in fe c t io n s  and th e  e f f e c t  o f  
in f lu e n z a  A v a cc in e s  a re  co n sid e red . Some re le v a n t  in fo rm a tio n , 
in c lu d e d  in  Appendix B , was a lso  o b ta in ed  from an in f lu e n z a  A o u tb reak  
which occu rred  d u rin g  F ebruary  and March 1976.
The p a r t i c ip a n t s .
These were th e  p u p ils  o f  a  bo ard in g  schoo l w ith  a t o t a l  o f  about 
800 boys aged 11 to  17 y e a r s .  The o b je c ts  o f  th e  t r i a l  were expained  
to  th e  boys and t h e i r  p a re n ts  and consen t to  p a r t i c ip a te  was o b ta in e d  
from th e  m a jo r ity . A group o f about 140 boys consen ted  to  g iv e  annual 
b lood  sam ples th roughou t th e  t r i a l  p e r io d  ( th e  sp e c ia l  c o h o r t) .  Boys 
p re v io u s ly  v a cc in a ted  w ith  in f lu e n z a  v acc in e  were excluded  from  
assessm ent and any w ith  c o n tra in d ic a tio n s  to  v a c c in a tio n  such as 
a l le r g y  to  egg p ro te in s  were n o t v a c c in a te d .
The v a c c in e s .
V accines were p rep a red  by Evans M edical L t d . , Speke. A ll  b a tc h e s  
were p rep a red  by in o c u la t in g  th e  a l la n to ic  c a v ity  o f  eg g s, te n  to  
e leven  days o ld , w ith  seed  v i r u s .  A f te r  in c u b a tio n  a t  35°C f o r  48  
hours th e  a l l a n to ic  f lu id s  were h a rv e s te d , p o o led , t r e a te d  w ith  
1/4000 fo rm a lin  and c l a r i f i e d  by low speed c e n tr i fu g a t io n .  The 
c l a r i f i e d  v iru s  suspension  was t r e a te d  w ith  >5 p ro p io lac to n e  a t  
1/1000 and p u r i f i e d  by zonal c e n tr i fu g a t io n .  S a fe ty , s t e r i l i t y  and 
chem ical checks were c a r r ie d  ou t by th e  m anufactu rers  and th e  v i ru s  
dose in  in te r n a t io n a l  u n i t s  e s tim a te d . D e ta i ls  o f v acc in es  and do ses  
are  g iven  in  Table 1 M.
TABLE 1 M.
V accines g iven  betw een 1970 and 1974.
Y ear: V accine g iven : A b b rev ia tio n : . I n te r n a t io n a l
V iru s : u n i t s  p e r  dose:
1970 A/Kong Kong/X3l/68 A/HK/Vac 200
1971 A/Hong Kong/X3l/68 A/HK/Vac 200
1972 A/Hong K ong/l/68  X PR8 A/HK/Vac 200
1973 A /England/42/72 X FR8 A/Eng/Vac 180 o r  200
1974 A/Port Chalmers/l/73 X PR8 300
and A/PC/Vac
A /England/42/72 X PR8 100
V acc in a tio n  schedu le  and c o l le c t io n  o f annual b lood  sam ples.
A summary o f  th e  b le e d in g  schedule i s  g iven  in  Table 2 M. I n  th e  
autumn term  o f 1970 each boy was given  a  t r i a l  number and a l lo c a te d  by 
d a te  o f  b i r t h  to  re c e iv e  e i th e r  in f lu e n z a  A o r  B v a cc in e . A b lo o d  
sample was c o l le c te d  and th e  vaccine  g iv en . A t th e  b eg in n in g  o f th e  
autumn te rm , 1971* a f u r th e r  b lood  sample was c o l le c te d  from  each boy 
v a c c in a te d  in  1970 and a second in je c t io n  o f  in f lu e n z a  A o r  B vacc ine  
was g iv en . New e n tra n ts  were a l lo c a te d  to  groups as  in  1970, b le d  
and v a c c in a te d  w ith  in f lu e n z a  A o r  B v a cc in e . At th e  b eg in n in g  o f 
th e  autumn term  1972, th e  1970 e n try  were re -v a c c in a te d  w ith  in f lu e n z a  
A o r B v acc in e  and f u r th e r  b lood  samples were c o lle c te d  from  th e  
s p e c ia l  co h o rt on ly  o f  th e  1970 v a cc in e es . The 1971 e n tr a n ts  were 
given a second in je c t io n  o f in f lu e n z a  A o r  B v acc ine  as a p p ro p r ia te .
New e n tr a n ts  were a l lo c a te d  to  vacc ine  groups and b le d  as  i n  1970.
At th e  b eg in n in g  o f  th e  autumn term  1973 a f u r th e r  b lo o d  sample was 
c o l le c te d  from th e  s p e c ia l  co h o rt who were n o t re -v a c c in a te d . A ll o f 
th e  boys o f  th e  1972 and 1973 e n try  were b le d  and a l l  were g iv en  
in f lu e n z a  A v a c c in e . At th e  beg in n in g  o f  th e  autumn term  1974 a l l  
boys were o f f e re d  in f lu e n z a  A vaccine  and b lood  sam ples c o l le c te d  from 
th e  1973 and I9 7 t  e n try .  The 1974 e n try  were r e - b le d  one y e a r  l a t e r ,
i . e .  autumn 1975* I n  a d d itio n  to  th e  annual sam ples b lood  was c o l le c te d  
from th e  1972 and 1973 e n try  in  March 1974 ( fo u r  months a f t e r  re c e iv in g  
A/Eng/Vac) and 115/140 o f  th e  s p e c ia l  c o h o rt were b le d  in  May 1974* A ll  
s e ra  were s to re d  a t  -25°C u n t i l  t e s t e d .
TABLE 2 M.
Schedule of vaccination and collection of blood samples.
1970 1 971 1972 1 973 1 974 1974 1974 1975
Cohort autumn autumn autumn autumn March May autumn autumn
S p ec ia l co h o rt V/B* V/B V/B -/B  -  -/B  v/~  V /-
1970 e n try  V/B V/B V /-  -  -  -  V /-  V /-
1971 e n try  V/B V /-  -  " -  -  V /-  V /-
1972 e n try  V/B V/B -/B  -  V /-  V /-
1973 e n try  V/B -/B  -  V/B V /-
1974 e n try  V/B V/B
1975 e n try  V/B
Key: V/B = V accina ted  and b lo o d  sample c p l le c te d .
V /-  = V acc in a ted .
-/B  = Blood sample c o l le c te d .
-  = Not b le d  o r  v a c c in a te d .
In v e s t ig a t io n  o f in f lu e n z a - l ik e  i l l n e s s *
D e f in it io n  and d ia g n o s is  o f  in f lu e n z a - l ik e  i l l n e s s  was th e  
r e s p o n s ib i l i ty  o f  th e  school*s r e s id e n t  m edical o ff ic e r*  The c l i n i c a l  
c r i t e r i a  were p y rex ia  o f  37«5°C o r  h ig h e r  w ith  r e s p ir a to r y  symptoms*
A s in g le  th r o a t  swab and acu te  and co n v a lescen t b lood  samples were 
c o l le c te d  from each boy who re p o r te d  to  th e  school m edical o f f i c e r .
The swabs were p laced  in  t r a n s p o r t  medium, c h i l l e d  and tak en  im m ediately  
to  th e  lab o ra to ry *  D e ta i l s  o f  i s o la t io n  p ro ced u res  and exam ination  o f 
s e ra  from sp o rad ic  cases  a re  g iven  in  Appendix A* T hroat swabs were 
examined f o r  b a c t e r i a l  pathogens and 'in  t i s s u e  cu ltu re*  As f a r  as 
p o s s ib le  i s o la t io n  r e s u l t s  were confirm ed se ro lo g ic a lly *  S era  were 
examined f o r  complement f ix in g  a n tib o d ie s  to  in f lu e n z a  A, B and C, 
a d en o v iru s , p a ra in f lu e n z a , r e s p i r a to r y  s y n c y tia l  v i r u s ,  Mycoplasma 
pneumoniae * p s i t t a c o s i s  and Q fe v e r .  Complement f ix a t io n  t e s t s  were 
used  f o r  d ia g n o s is  as i t  was co n sid ered  im p o rtan t to  ensure t h a t  
in f e c t io n  w ith  s t r a in s  o f  in f lu e n z a  were d e te c te d  and to  o b ta in  a  
d ia g n o s is  in  as many n o n - in f lu e n z a l cases  as  p o s s ib le .  D iagnosis  o f  
in f lu e n z a  was b ased  on th e  i s o la t io n  o f th e  v i ru s  and by s e ro lo g ic a l  
s tu d ie s*
Keeping o f  th e  re c o rd s *
Record card s  were k ep t f o r  a l l  boys in  th e  schoo l i r r e s p e c t iv e  
o f w hether o r  n o t th ey  had re c e iv e d  v a cc in e ; d e t a i l s  o f a l l  i l l n e s s e s  
were e n te re d  a t  th e  tim e by th e  school m edical o f f i c e r .
DETECTION OF ANTIBODIES TO THE SURFACE-ANTIGENS.
To a sse s s  response to  in f e c t io n  o r  v a c c in a tio n  w ith  in f lu e n z a  A 
a h igh  degree o f r e p ro d u c ib i l i ty  was re q u ire d  f o r  s e r o lo g ic a l  t e s t s .
The la rg e  number of. s e ra  to  be examined made i t  in e v i ta b le  t h a t  th e  
t e s t s  would be conducted in  b a tc h e s  sp read  over a  p e r io d  o f  tim e .
Since th e  r e s u l t s  had to  be t r e a te d  as a  con tinuous s e r ie s  i t  was 
e s s e n t ia l  th a t  v a r ia t io n  between b a tch e s  was m inim al.
Haemagglutination inhibition (Hi) tests.
A tech n iq u e  was re q u ire d  which was quick and in  which th e  minimum
amount o f re a g e n ts  were used c o n s is te n t  w ith  maximum r e p r o d u c ib i l i ty
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of th e  t e s t .  The m ic r o t i t r e  tech n iq u e  u s in g  0.023 cm u n i t  volumes 
was s e le c te d  (S ev er, 1962). F a c to rs  re s p o n s ib le  f o r  re p o r te d  
v a r ia t io n  o f th e  techn ique  were reduced to  a  minimum by  s ta n d a rd is in g  
re a c tio n  tim es and tem p e ra tu re , tre a tm e n t o f s e r a ,  d i lu e n t  and a p p a ra tu s  
and by s e le c t io n  o f a p p ro p ria te  c o n c e n tra tio n s  o f  re d  b lood  c e l l s  and 
a n tig e n . A m echanical shaker was used  to  p rov ide  adequate m ixing o f  
th e  re a g e n ts .
One hour was chosen as  th e  a n tig e n -a n tib o d y  r e a c t io n  tim e .
Shorter times were not practical with large batches of sera and 
increasing the reaction time to three hours did not significantly 
alter the HI tit re. Reaction times of longer than three hours would 
have been technically impractical and the effect of prolonged 
incubation was therefore not further investigated. .
a. Basic technique.
In  th e  HA t e s t  doubling  d i lu t io n s  o f  a n tig e n  were p rep a red  and 
one u n i t  volume o f d i lu e n t  was added to  one u n i t  volume o f a n tig e n  
d i lu t io n  in  m ic r o t i t r e  t r a y s .  The t r a y s  were mixed on a m echanical 
shaker f o r  one m inute and h e ld  a t  room tem p era tu re  (RT) f o r  one h o u r.
One u n i t  volume o f re d  b lood  c e l l s  (RBC) was added, mixed as b e fo re
and p laced  a t  -*4°C f o r  one hour b e fo re  re a d in g . HA end p o in ts  were 
taken  to  be th e  a n tig e n  d i lu t io n  showing $Ofo o f RBC a g g lu tin a te d  
(HD50).
In  th e  HI t e s t  s e ra  were t r e a te d  w ith  th e  re c e p to r  d e s tro y in g  
enzyme o f V ib rio  ch o le rae  (RDE). One volume o f  serum was added to  
fo u r  volumes o f  RDE, g iv in g  a f i n a l  1 /5  d i lu t io n  o f serum. RDE- 
serum m ix tu res  were made in  tu b e s , mixed, se a le d  and p laced  a t  37°C 
f o r  17 hours fo llow ed  by one f u r th e r  hour a t  56°C. Doubling d i lu t io n s  
o f s e ra  were p rep a red  in  m ic r o t i t r e  t r a y s  and one u n i t  volume o f 
an tig en  was added to  each u n i t  volume o f serum d i lu t io n .  The t r a y s  
were mixed and h e ld  a t  RT f o r  one ho u r. One u n i t  volume o f  RBC was 
added, mixed and p laced  a t  -f4°C f o r  one hour b e fo re  re a d in g . HI t i t r e s  
were taken  to  be t h a t  d i lu t io n  o f serum g iv in g  com plete in h ib i t i o n  o f 
HA. A ll t i t r e s  were ex p ressed  as  r e c ip ro c a ls ,
b .  S e le c tio n  o f  d i lu e n t .
Four d i lu e n ts  commonly used  f o r  s e ro lo g ic a l  t e s t s  were compared 
f o r  s u i t a b i l i t y .  These w ere; s a l i n e ,  s a lin e  p lu s  calcium  and 
magnesium io n s  (CaMg s a l i n e ) ,  d e x tro s e -g e la t in -v e ro n a l  b u f f e r  (DGV), 
b a rb ito n e  b u ffe re d  s a l in e  Oxoid ("CFT d i lu e n t” ) .  D e ta i ls  o f  p re p a ra t io n  
a re  g iven in  Appendix A. Each d i lu e n t  was u sed  w ith  and w ith o u t bov in e  
plasm a albumin (BPA) a t  a f i n a l  c o n c e n tra tio n  o f 0.1 fo to  a s s i s t  c e l l  
s e t t l i n g  (H ie rh o lz e r  and Suggs, 1969)*
A RBC suspension  (human group 0) was p rep a red  v o lu m e tr ic a lly  to  
g ive a c o n c e n tra tio n  o f  0.5^# A ntigen  (a/HK/68) was t i t r a t e d  in
0 .025  ow? u n i t  volumes in  r e p l ic a t e s  o f 24 f o r  each d i lu e n t  w ith  and 
w ithou t BPA and th e  t e s t  was re p e a te d  on th re e  s e p a ra te  days. The 
r e s u l t s  were compared f o r  le v e l  o f  HA t i t r e ,  ease  o f  re a d in g  end 
p o in ts  and r a te  o f s e t t l i n g  o f RBC. O bserva tions on n o n -s p e c if ic  
a g g lu tin a tio n  o r any o th e r  p e c u l i a r i t i e s  were made.
No s ig n i f ic a n t  d if fe re n c e  in  t i t r e  was reco rd ed  w ith  any o f th e  
d i lu e n ts .  The DGV gave r a th e r  p o o re r p a t te r n s  o f  a g g lu tin a t io n , 
e s p e c ia l ly  in  th e  p resence  o f BPA. S e t t l in g  r a t e s  o f th e  human 0 
RBC were g re a t ly  improved by th e  a d d itio n  o f  BPA.
The "CFT d i lu e n t” was chosen on th e  grounds o f convenience and 
ease  o f s ta n d a rd is a t io n . Not only  was a b u ffe re d  d i lu e n t  p re fe re d  
b u t the  d ilu e n t  was a v a ila b le  in  t a b l e t  form and i t  was p o s s ib le  to  
use a  s in g le  b a tch  th ro u g h o u t. BPA was added to  make th e  com pleted 
d i lu e n t  and t h i s  was used  f o r  th e  rem ainder o f  th e  experim en tal work 
and in  th e  t e s t  s e r ie s ,
c . S e le c tio n  o f equipm ent.
Volumes d e liv e re d  by hand o p e ra ted  d roppers  and th e  " T ite r te k "  
m u l t ip ip e t te r  (Flow L a b o ra to r ie s  L t d . ) were in v e s t ig a te d  f o r  v a r i a b i l i t y  
and accuracy  o f drop s iz e  by re p e a te d  w eighings o f  drops d e liv e re d  
in to  m ic r o t i t r e  p la t e s .  R e su lts  w ith  th e  0.025 cm^ " T i te r te k ” 
m u l t ip ip e t te r  showed th a t  th e  drop s iz e  was c o n s ta n t and th a t  th e
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a c tu a l  volume was 0 .026 cm .  The hand o p e ra ted  droppers gave alm ost
id e n t ic a l  r e s u l t s  p ro v id ed  t h a t  th ey  were h e ld  v e r t i c a l l y  and th e  r a t e
o f  dropping was c o n s ta n t. The " T i te r te k ” m u l t id i lu te r  and th e  hand
3o p era ted  m ic ro d i lu te r s , 0 .0 2 5  cm volum e, were t e s t e d  by w eighing
th e  volumes removed from m ic r o t i t r e  p la te s  c o n ta in in g  a range o f
3 3volumes from 0.05  cm to  0 .2  cm • The volume removed was c o n s ta n t 
and th e  a c tu a l  volume removed was 0 .024  cm^. As th e  d roppers  and 
d i lu te r s  showed no s ig n i f ic a n t  v a r ia t io n s  in  drops o r  volumes removed, 
th e  d if fe re n c e  between th e  two was co n sid e red  to  be a cc e p tab le  and 
re c ip ro c a l  t i t r e s  were n o t a d ju s te d . The same d roppers and d i lu t e r s  
were used  throughout th e  s e r ie s  and rechecked  a t  r e g u la r  in t e r v a l s  
f o r  accu racy . The d i l u t e r s  were c lean ed  by washing r a th e r  th an
flam ing  on th e  adv ice  o f th e  s u p p lie r  (Flow L a b o ra to r ie s  L t d . ) .  
In a c c u ra c ie s  due to  in so lu b le  oxides formed in s id e  th e  d i l u t e r s  
occur as th e  r e s u l t  o f re p e a te d  flam in g .
I t  was n o tic e d  th a t  when new unwashed m ic r o t i t r e  t r a y s  were 
used th e  a g g lu t in a t io n  p a t te rn s  o f RBC tended  to  s l i p ,  making end 
p o in ts  d i f f i c u l t  to  re a d  e s p e c ia l ly  when serum was p re s e n t in  HI 
t e s t s .  T his phenomenon d id  no t appear to  be due to  s t a t i c  e l e c t r i c i t y  
on th e  p la te s  b u t r e la te d  to  th e  a c tu a l  su rface  o f th e  w e lls .  Washing 
o f th e  t r a y s  b e fo re  u se  e lim in a te d  t h i s  problem .
Trays were immersed in  d e te rg e n t ,  ("Pyroneg" D iversey  L td .)  a t  
56°C f o r  one h o u r. T his e f f e c t iv e ly  c lean ed  th e  t r a y s  and s in c e  
in f lu e n z a  v i r u s  i s  d estro y ed  by h e a tin g  f o r  a few m inutes (Jaw e tz , 
M elnick and A delbury , 1974) in a c t iv a te d  any v i ru s  p re s e n t a f t e r  HA 
t e s t s .  The d e te rg e n t was allow ed to  cool and th e  t r a y s  scrubbed 
w ith  a s o f t  b ru sh , r in s e d  in  running  ta p  w ater fo llow ed  by th re e  
r in s e s  in  d i s t i l l e d  w a ter. Excess w ater was then  shaken o f f  and 
th e  t r a y s  d r ie d  in  a 37°C h o t room. Using t h i s  procedure  t r a y s  
could  be re -u s e d  a t  l e a s t  te n  tim es .
d. S e le c t io n  o f  optimum volumes and d i lu t io n  te c h n iq u e s .
The fo llo w in g  v a r ia n ts  were compared u s in g  A/HK/6 Q a n tig e n  
and human group 0 RBC d i lu te d  by volume to  g ive  0 .5 $  and 0 .2 5 $  
c o n c e n tra tio n s .
Micro-volume te ch n iq u es :
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1. 0 .0 2 5  cm u n i t  volumes.
Hand o p e ra ted  d i lu t e r s  and d ro p p ers .
0 .5 $  RBC.
3
2. 0 .0 2 5  cm u n i t  volumes.
Hand o p e ra ted  d i lu t e r s  and d ro p p e rs .
0 .2 5 $  RBC.
3* 0 .0 5  cm^ u n i t  volum es.
Hand o p e ra ted  d i lu t e r s  and d roppers .
O.57S RBC.
4* 0 .0 5  cm^ u n i t  volum es.
Hand o p e ra ted  d i l u t e r s  and d ro p p ers .
0 .2 5 ^  RBC.
3
5 . 0 .0 2 5  cm u n i t  volum es.
’'T i t e r t e k ” d i lu t e r s  and d ro p p e rs .
0 .5 ^  RBC.
3
6 . 0 .0 2 5  cm u n i t  volum es.
" T i te r te k ” d i lu t e r s  and d ro p p ers .
0.257S RBC.
3
7« 0 .05  cm u n i t  volum es.
" T i te r te k ” d i l u t e r s  and d ro p p ers .
0.57S RBC.
3
8 . 0 .0 5  cm u n i t  volum es.
" T i te r te k ” d i l u t e r s  and d ro p p e rs .
0.257S RBC.
Macro-volume te ch n iq u es :
9« 0 .2 5  cm^ u n i t  volum es.
A utom atic s y r in g e s .
O.57S RBC.
10. 0 .2 5  cm^ u n i t  volum es.
Autom atic sy r in g e s .
0.257S RBC.
These tech n iq u es  were t e s t e d  in  r e p l i c a t e s  o f  tw elve on th re e
sep a ra te  days. R e s u lts  showed (T ab le 13 M) t h a t  th e  m ic r o - t i t r e
tech n iq u es  u s in g  the  " T i te r te k ” ap p ara tu s  gave good r e p r o d u c ib i l i ty
3
w ith  b o th  u n i t  volumes and compared w ell w ith  th e  0 .2 5  cm volume
te ch n iq u e . T e s ts  cou ld  he s e t  up and com pleted r a p id ly ,  red u c in g  
th e  p o s s i b i l i t y  o f o p e ra to r  e r r o r  and f a t ig u e .  There was much more 
v a r ia t io n  w ith  th e  h an d -h e ld  m ic ro d ilu te rs  and d ro p p ers . The 0 .25$  
RBC suspension  form ed poor a g g lu tin a t io n  p a t te rn s  and were slow to  
s e t t l e  making re c o rd in g  o f  end p o in ts  d i f f i c u l t .  T t was decided  
th e re fo re  to  use th e  " T ite r te k "  a p p ara tu s  w ith  0.025 ow? u n i t  volumes 
and to  in v e s t ig a te  f u r th e r  th e  s ta n d a rd is a t io n  o f  th e  RBC su sp ensions 
b e fo re  p roceed ing  to  HI t e s t s .
In  p r a c t i s e  th e  m echanical d ropper was used  to  d isp en se  d i lu e n t  
and th e  re d  c e l l  su sp en sio n , th e  a n tig e n s  were g e n e ra lly  d i s t r ib u te d  
w ith  a hand d ro p p er.
TABLE 3 M.
In f lu e n c e  o f  d i lu t io n  tech n iq u e  on s e n s i t i v i t y  
and r e p ro d u c ib i l i ty  o f  HA t e s t .
Technique Median No. of Degree of deviation Cell
Virus titre replicate from median titre settling 
Volume (cm^) RBC HD50 titrations < 2-fold 2-fold k~^old patterns
1. 0.025 0 .5 $ 128 36 19 17 0 good
2. 0.025 0 .25$ 128 36 18 13 5 poor
3. 0 .05 0 .5 $ 6^ 36 3k 2 0 good
k . 0.05 0 .25$ 128 36 25 11 0 f a i r
3 . 0 .025 0 .5 $ 6k 36 36 0 0 good
6. 0.025 0 .25$ 128 36 36 0 0 poor
7. 0 .05 0 .5 $ 6k 36 36 0 0 good
8 . 0 .05 0 .25$ 128 36 36 0 0 f a i r
9. 0.25 0 .5 $ 6k 36 36 0 0 • f a i r
0 . 0 .2 5 0 .25$ 6k 36 29 7 0 poor
Techniques 1 - k hand o p e ra te d .
Techniques 5 “ 8 "Titertek". 
Techniques 9 & 10 W.H.O.
e. Standardisation of RBC suspensions.
All selected blood samples were within the values of normality 
indicated by Dacie and Lewis (1968). A method of standardisation 
of RBC which was simple, accurate and.reproducible was required.
I t  was decided  to  use  a C o u lte r Model S (C o u lte r  E le c tro n ic s  L td .)  
which g iv es  a d i r e c t  count o f human RBC w ith  ah e r r o r  o f  l e s s  th an  
1 .5$  on su sp ensions in  th e  p h y s io lo g ic a l range . I t  has been shown 
th a t  a  RBC suspension  o f  approx im ately  0 .5 $  gave s a t i s f a c to r y  r e s u l t s .
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This is the equivalent of an RBC count of 50,000 per mm .
Ydiole blood was washed three times in "CFT diluent" and 
resuspended to give approximately 1 X 10^ RBC per mm^. An average 
was taken of three counts on the Coulter S and dilutions were *
prepared from 25,000 to 100,000 RBC per mm^. Titrations of A/filers 
antigen were carried out in replicates of 12 on three separate 
occasions. It was found that the number of RBC influenced the 
recorded titre of virus as well as the ease of reading end points.
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Between 50,000 and 73,000 RBC per mm the HA titre was reproducible 
and the end point easy to read. The mid point was 60,000 RBC per 
mm^ and this concentration was used for subsequent tests,
f. Selection of optimum concentration of antigen.
A pool of human convalescent sera from patients known to have 
had primary infection with influenza strains similar to A/HK/6 8  (H3N2), 
was titrated against a range of A/kK/6 8 antigen dilutions from one to; 
6k HD50. Serum was treated with RDE and doubling dilutions from 1/10 
to 1/256O in replicates of eight were tested against each antigen 
dilution on three separate occasions. Fresh antigen dilutions were 
prepared on each occasion. Antigen dose has a marked effect on serum 
HI titres (Table 4 M), but within the range of four to eight HD50
th e  serum t i t r e  rem ained c o n s tan t and c e l l  s e t t l i n g  p a t te rn s  were 
e a s i ly  re a d . The mid p o in t o f s ix  HD50 was chosen and used in  
subsequent HI t e s t s .
TABLE 4  M,
E f fe c t  o f  a n tig e n  dose (A./HK/68 ) on HI t i t r e .
A ntigen HI t i t r e  T o ta l no . D ev ia tions C e ll .
dose o f  s e t t l i n g
(HD5 0 ) Median V a r ia t io n  read in g s  < 2 -fo ld  2 - fo ld  p a t te r n s .
1 640 320-1280 24 16 8 poor
2 320 160-640 24 17 7 poor
3 320 160-640 24 18 6 good
4 160 none 24 24 0 good
6 160 none 24 24 0 good
8 160 . none 24 24 0 good
12 80 none 24 24 0 good
1 6 80 none 24 24 0 good
24 80 4 0 -160 24 21 3 poor
32 80 40-160 24 20 4 poor
48 40 none 24 24 . 0 poor
64 40 none 24 24 0 poor
g. Treatm ent o f  s e ra  w ith  RDE to  remove n o n -s p e c if ic  in h ib i to r s  o f
h aem ag g lu tin a tio n .
RDE was o b ta in ed  from Dr. C.M.P. B ra d s t r e e t ,  S tandards L ab o ra to ry , 
C o lindale  w ith  th e  recommendation th a t  fo u r  volumes o f  RDE were mixed 
w ith  one volume o f  serum to  remove n o n -s p e c if ic  in h ib i to r s .  RDE was 
t i t r a t e d  to  ensure t h a t  th e  recommended working d i lu t io n  co n ta in ed  
100 u n i t s  p e r  cm^ by th e  method d e sc r ib e d  by Palm er e t  a l . (1975)*
RDE was used  u n d ilu te d  and a t  1 /2 ,  1 /4  and 1 /8  d i lu t io n s .  One volume 
(0 .2  cm^) o f each serum was added to  fo u r  volumes (0 .8  cm^) o f  each 
RDE d i lu t io n  and a  d i lu e n t  c o n tro l .  The m ix tu res  were p laced  in  
sea le d  tu b es  a t  37°C f o r  17 hours fo llow ed  by 56°C f o r  one h our.
T rea ted  se ra  were t i t r a t e d  a g a in s t  A/HK/6 Q, A /Eng/72 , A/PC/73 and X15 
a n tig e n s . The X15 recom binant was in c lu d e d  as human s e ra  were 
u n lik e ly  to  c o n ta in  an tibody  to  th e  equine haem agg lu tin in ; any 
in h ib i t i n g  a c t i v i t y  in  th e  u n tre a te d  s e ra  cou ld  be regarded  as due 
to  n o n -sp e c if ic  i n h ib i to r s .
A ll  th e  s e ra  t e s t e d  co n ta in ed  in h ib i to r s  to  th e  X15 recom binant 
and th e se  were removed when th e  RDE was used  u n d ilu te d  o r  d i lu te d  
1 /2  (T able 5 M). A ll th e  in h ib i to r y  a c t i v i t y  was removed from  th e  
HI n eg a tiv e  s e ra  ( l  and 2) w hile  th e  s p e c i f ic  an tibody  t i t r e s  o f  th e  
HI p o s i t iv e  s e ra  (3 ,  4  and 5 ) were n o t a f f e c te d .
In  view o f th e  la rg e  number o f s e ra  to  be t e s t e d  i t  was c o n sid e red
convenien t to  use sm all volumes f o r  serum-RDE m ix tu re s . S era  were
3 3t r e a te d  by adding 0 .05  cm o f  serum to  0 .2  cm o f RDE in  a m ic r o t i t r e
t r a y .  T his was mixed on a m echanical shaker and in cu b a ted  in  a m o is t
chamber a t  37°C f o r  17 hours fo llow ed  by one hour a t  56°C. E v ap o ra tio n
lo s s ,  e s tim a te d  by w eighing was low (3$) and 96 s e ra  could  be. t r e a t e d
on one m ic ro t i t r e  t r a y .  A ntibody t i t r e s  and rem oval o f  n o n -s p e c if ic
i n h ib i to r s  were shown no t to  be a f fe c te d  by t h i s  m o d if ic a tio n . 
The f i n a l  techn ique  f o r  HI t e s t s  i s  shown on page 62.
TABLE 5 M.
HI titres after RDE treatment.
Serum no. RDE dilution HI titres against antigens:
A/HK/68 A/Eng/72 A/PC/73 X15
1 undiluted <10 <10 <10 <10
1 /2 <10 <10 <10 <10
1 A 20 20 '10 20
1 /8 80 40 80 80
no RDE 80 80 80 160
2 undilu ted <10 <10 <10 <10
1 /2 < 1 0 <10 <10 <10
1A 20 10 20 20
1 /8 80 40 80 80
no RDE 160 80 80 160
3 undilu ted 20 10 <10 <10
1 /2 20 10 <10 <10
■tA 80 40 40 80
1 /8 160 160 160 160
no RDE 160 160 160 160
4 undilu ted 160 80 80 < 1 0
1 /2 160 80 160 < 10
1A 160 160 160 40
1 /8 640 320 320 160
no RDE 640 640 640 64O
5 undilu ted 320 160 160 < 1 0
1 /2 320 160 160 < 1 0
1A 320 160 320 160
1 /8 640 320 640 640
no RDE 1280 1280 1280 1280
N euram inidase haem ag g lu tin a tio n  in h ib i t io n  (N-Hl) t e s t s .
In  o rd e r  to  examine th e  2068 a v a ila b le  se ra  f o r  th e  p resence  o f  
an tib o d ie s  to  neuram inidase a ra p id  and r e l i a b le  t e s t  had to  be 
developed. Such a t e s t  had to  avo id  th e  te c h n ic a l  d i f f i c u l t i e s  o f  th e  
NI t e s t  (Aymard-Henry e t  a l . 1973) and th e  requirem ent f o r  h ig h ly  
p u r i f ie d  a n tig e n  in  th e  SRD t e s t  (S c h ild , 1972)* Advantage was tak en  
o f th e  o b se rv a tio n s  o f  Kendle e t  a l  (1972) and Dowdle (1973) t h a t  
haem agg lu tina tion  by in f lu e n z a  A can under c e r ta in  c ircu m stan ces  be 
in h ib i te d  by a n tib o d ie s  to  neuram in idase .
a. Reagents for N-HI test.
Three in f lu e n z a  A recom binant v iru s e s  (X15* X38 and X42) were 
used as sou rces  o f  neuram inidase a n tig e n  each having  i r r e l e v a n t  
(equ ine) haem agg lu tin in  and r e le v a n t ,  human N2 neuram in idase . The 
s t r a in s  and t h e i r  method o f p re p a ra t io n  a re  d e sc rib e d  in  Appendix A. 
U nit volum es, d i lu e n t ,  a p p a ra tu s , re d  b lood c e l l  su spensions and 
tre a tm e n t o f  s e ra  were a l l  as  p re v io u s ly  d e sc rib e d  f o r  HI t e s t s .
F e tu in  was p rep ared  by F is h e r1 s method as d e sc rib e d  by Ham and Puck, 
(1962). F e tu in  su p p lied  by D r. W.R. Dowdle, C entre f o r  D isease  
C on tro l (CDC), A tla n ta ,  f o r  com parison w ith  G u ild fo rd  f e tu in ,  f o e t a l  
bovine serum (Flow L a b o ra to r ie s  L td .)  and bovine plasm a album in 
(Armour P h arm aceu tica l L td .)  were s ta n d a rd ise d  to  c o n ta in  th e  same 
t o t a l  p ro te in  as th e  G u ild fo rd  f e tu in  (2 .8 g . p e r  l i t r e ) .
b. Basic technique.
Sera were treated with RDE and doubling dilutions prepared in 
microtitre trays. One unit volume of antigen was added to each unit 
volume of serum dilution. The trays were mixed and held at RT for 
30 minutes. One unit volume of fetuin was added to each well, trays 
were mixed and held at RT for 30 minutes. One unit volume of RBC
was added, mixed and p laced  a t  +4°C f o r  4.5 m inutes b e fo re  re a d in g , N-HI 
t i t r e s  were taken  to  be th a t  d i lu t io n  o f  serum g iv in g  com plete in h ib i t io n  
o f  HA. A ll  t i t r e s  were exp ressed  as  r e c ip r o c a ls .
In  o rd e r  to  s ta n d a rd ise  to  N-HI t e s t  i t  was n ecessa ry  to  s e le c t  
th e  optimum d i lu t io n s  o f  f e tu in  and an tig e n  and to  ensure t h a t  human 
group 0 c e l l s  were s u i ta b le  f o r  use in  th e  t e s t ,  
c* S e le c tio n  o f re d  c e l l s .
One recom binant (X42) was chosen f o r  i n i t i a l  in v e s t ig a t io n s .  
D up lica te  chessboard  t i t r a t i o n s  were s e t  up in  m ic r o t i t r e  t r a y s  
u sin g  v i ru s  d i lu t io n s  from 1 /20  to  1/960 and f e tu in  d i lu t io n s  from 
1 /5  to  l/2A 0. A f te r  30 m inutes a t  room tem peratu re  human RBC were 
added to  one t r a y  and fowl RBC to  th e  o th e r .  T rays were mixed and 
p laced  a t  -*4°C f o r  one hour when i t  was observed  (T able 6  M) th a t  
h aem ag g lu tin a tio n  was p ro g re s s iv e ly  reduced  by in c re a s in g  f e tu in  
u n t i l  i t  was com pletely  in h ib i te d .  Human and fow l RBC gave id e n t i c a l  
r e s u l t s  and human RBC were used in  subsequent t e s t s .
TABLE 6 M.
Influence of fetuin on capacity of XU.2 antigen to haemagglutinate*
Virus Fetuin dilution:
dilution: 1/5 1/10 1 /1 5 1/20 1/3O ^ /li.0 1/6O 1/80 1/120 1/16O l/22j.O nil
1/20 -  -  + + +. + + + + + + +
1 /30 + + + + + + + + + +
1/40 -  -  - + + + + + + + + +
1/60 - + + + + + + + + +
1 /8 0 -  -  - + + + + + + + + +
1/120 -  - + + + + + + + + +
1/160 -  -  - - '+ + + + + + + +
1/240 + + + + + + +
1/320 + + + + -+
1/480 + + + +
i / a . o + + +a.
1/960
+ = haemagglutination
- = 50?o haemagglutination
- = no haemagglutination*
d. Selection of optimum dose of antigen and fetuin.
It can be seen from Table 6 M that fetuin dilutions below 1/15 
gave total inhibition of HA and that dilutions above 1/120 gave no 
inhibition. Each fetuin dilution within this range was tested using 
each dilution of Ik-2 antigen from two to 16 HD50 doses against convalescent 
sera from cases of known A/Port Chalmers infection. Doubling dilutions 
of EDE-treated sera were prepared as previously described for HI tests 
and one volume of X^2 antigen was added to each. The serum-antigen 
mixtures were left at room temperature for 30 minutes. One volume of 
fetuin dilution was added to each well, mixed and left for a further 30 
minutes at room temperature. One volume of red blood cells was added 
to each well, mixed and left at •riJ.°C for one hour before reading. The 
level of both virus and fetuin was critical (Table 7 M). Excess of 
virus reduced the apparent antibody titre and lead to difficulty in 
reading end points. Excess of fetuin relative to the virus reduced 
haemagglutination to such an extent that the test became unreadable.
In this test the optimum fetuin dilution was 1/20 and the optimum 
virus dose was 1/20 (6 HD30). Under these conditions the test was 
most sensitive for the detection of neuraminidase antibodies. Similar 
standardisation tests were done with the X15 and X38 recombinants.
It was found that the reduction of the virus dose increased the 
apparent antibody titre but it also increased the degree of cross 
reaction between the three recombinants. Increasing the dose of 
virus decreased the apparent antibody titre but reduced the level of 
cross reaction between the three recombinants. The most satisfactory 
fetuin dilution was found to be that dilution which reduced the virus 
activity to two HD50 units and the virus dose giving the greatest 
specificity without significant loss of titre to be 12 HD50 units.
This dose was therefore used in subsequent N-HI tests.
TABLE 7 M.
I n h ib i t io n  t i t r e s  o f co n v alescen t serum in  th e  p resence 
o f  v a ry in g  d i lu t io n s  o f v iru s  and f e t u i n .
V irus
(HD50) 1/20 1/30
F e tu in
1/40
d i lu t io n :
1 /60 1 /80 n i l
16 20 10 10 < 1 0 < 1 0 <10
12 80 40 20 <10 <10 <10
8 80 40 20 < 10 < 10 <10
6 160 80 40 <10 <10 <10
4
sftsSe
80 40 < 1 0 <10 <10
3 - - - <10 <10 <10
2 _ — — — <10
* f ig u r e s  = serum t i t r e s
** = u n readab le
Validation of N-HI test,
a. Specificity of N-HI test in differentiating neuraminidase and 
HI antibodies*
Acute and co n v a le scen t s e ra  were s e le c te d  from proven c a se s  of 
A /P ort Chalmers in f e c t io n .  The s e ra  were from boys co n sid e red  never 
to  have been p re v io u s ly  in f e c te d  w ith  H3N2 in f lu e n z a  s e r ie s  a s  judged 
by th e  absence o f  a n tib o d ie s  to  th e  H3 haem agg lu tin in  in  th e  acu te  
phase sam ples. S era  were R D E-treated and t e s t e d  by HI ' and N-HI as 
p rev io u s ly  d e sc r ib e d . A/PC/73 and X42  a n tig e n s  a t  6 HD50 were used  
f o r  HI t e s t s ,  X42 a n tig e n  a t  12 HD50 and f e tu in  a t  1/30 were u sed  f o r  
N-HI t e s t s .  There was no fn h ib i t io n  o f  th e  X42 a n tig e n  by  any s e ra  
in  th e  HI t e s t  b u t  a l l  co n v alescen t s e ra  in h ib i te d  th e  A/PC/73 a n tig e n  
(Table 8 M). In th e  N-HI t e s t ,  th e re  was no in h ib i t i o n  o f 
haem ag g lu tin a tio n  o f  th e  X42 a n tig e n  by acu te  s e ra  b u t a l l  co n v a le scen t 
s e ra  had N-HI t i t r e s .  It was th e re fo re  e s ta b l is h e d  th a t  a n tib o d ie s  to 
the  s p e c i f ic  neuram inidase were no t d e te c te d  in  a c o n v e n tia l HI t e s t ,  
b u t were d e te c te d  when f e tu in  was added to  th e  t e s t  system .
TABLE 8 M.
HI and N-HI t i t r e s  o f  s e ra  from A /P ort Chalmers in f e c t io n s  a g a in s t
A/PC/73 and.%42 a n tig e n s .
Serum no. HI t i t r e s  a g a in s t  N-HI t i t r e s  a g a in s t
/
A/PC/73 X42 XA2 ( + f e tu in )
1. Acute <10 <10 <10
C onvalescent 160 <10 40
2. Acute <10 <10 <10
C onvalescent 80 <10 40
3* Acute <10 <10 <10
C onvalescent 640 <10 320
4. Acute <10 <10 <10
C onvalescent 80 <10 80
5. Acute <10 <10 <10
C onvalescent 320 <10 80
6. Acute
C onvalescent
<10
40
<10
<10
<10
80
b . Comparison of tech n iq u es  f o r  th e  d e te c tio n  o f s p e c if ic  neuram inidase
a n tib o d ie s .
Fowl a n t i s e r a  r a is e d  a g a in s t a  range o f human and av ian  in f lu e n z a  
v iru s e s  and convalescen t s e ra  from boys known to  have been in fe c te d  
w ith  d i f f e r e n t  s t r a in s  o f in f lu e n z a  A were t e s t e d  by N-HI and NI 
tech n iq u es  u s in g  th e  X15 a n tig e n . N-HI t e s t s  were by th e  method 
p rev io u s ly  d e sc rib ed  and NI t e s t s  by th e  method o f  Aymard-Henry e t  a l .
( i 973)• Both t e s t s  gave th e  same q u a l i ta t iv e  r e s u l t s  (T able 9 M),
N-HI t i t r e s  were comparable w ith  NI 5 O/0 in h ib i t io n  t i t r e s  w ith  th e  
human s e ra  b u t NI t i t r e s  were h ig h e r th an  N-HI t i t r e s  w ith  th e  s p e c if ic  
fowl a n t i s e r a .
TABLE 9 Me
D e tec tio n  o f neuram inidase  a n tib o d ie s  to  X15 (N2) by  N-HI and N I*
r ig i n  o f In f e c t in g Surface D e tec ted  b j
serum v iru s a n tig e n s N-HI m
Human None — - • _
it A/Eng/12/64. H2N2 + +
tt A/HK/1 /6 8 H3N2 .+' - +
tt A/HK/1 /68 H3N2 +
tt A /Eng/42/72 H3N2 + +
it A /Eng/42/72 H3N2 +
tt A /PC/1/73 H3N2 + +
«* A/PC/1/73 H3N2 + +
Avian A /sw ine/W is/l 3 /3 0 HswN1 - -
tt A/PR/8/3A H0N1 - -
it A/FM/1/A7 H1N1 - -
tt A /tu rk /E ng /3  6 U N1 - -
tt A /S in g /1 /3 7 H2N2 + +
tt A/HK/1 /68 H3N2 +
tt A /tu rk /k a s s /6 3 Hav 6 N2 + +
■ « A /turk /E ng /6 6 Hav 6 N2 + +
tt A /tu rk /E ng /6 9 Hav 6 N2 + +
tt A /par/Eng /7 2 Hav 6 N2 + +
tt A /chick/G e m any Hav 2 Nav 2 - -
tt A/duck/C seck /3  6 Hav A Nav 1 -
it A /cockatoo/Eng /3 6 Hav A Nav 1 - -
it - A /par/Eng /7 0 . Hav A Nav 1 - -
tt A /iu rk /C an /6 3 Hav 6 Neq 2 - -
it A /q u a il/ .  I t  a ly /5  6 Hav 7 Neq 2 - -
t t A/duck/DK/63 Hav 7 Neq 2 - -
t t A /tu rk /O n t/ 67 Hav 8 Nav A - -
t t A /tu rk /S co t/7 1 U Neq 1 - -
i t A /p a r /B e lfa s t U U — —
+ ss a n tib o d ie s  to N2 neuram inidase de tec ted *
-  = a n tib o d ie s  to  N2 neuram indase n o t d e tec ted *
U = u n c la s s if ie d *
Cm Replacem ent o f f e tu in  in  th e  N-HI t e s t .
The lo c a l ly  p rep ared  f e tu in ,  f e tu in  o b ta in ed  from C .D .C ., A tla n ta ,  
f o e ta l  bovine serum and bovine plasm a albumin were t r e a te d  w ith  RDE 
u s in g  th e  techn ique  f o r  removal o f n o n -s p e c if ic  in h ib i to r s  from serum 
to g e th e r  w ith  d u p lic a te s  o f each , u n tre a te d , re p la c in g  th e  RDE w ith  
d i lu e n t .  The a b i l i t y  o f  th e  t r e a te d  and u n tre a te d  s o lu tio n s  to  
in h ib i t  h aem ag g lu tin a tio n  was th en  compared. I t  was shown th a t  th e  
in h ib i to r y  e f f e c t  o f  b o th  f e tu in  p re p a ra tio n s  was s im ila r  and alm ost 
t o t a l l y  removed by RDE tre a tm e n t. F o e ta l bovine serum a lso  showed 
in h ib i t io n  o f  haem ag g lu tin a tio n  b u t fo u r  tim es th e  t o t a l  p ro te in  
c o n c e n tra tio n  was re q u ire d . T his in h ib i to r y  a c t i v i t y  was t o t a l l y  
removed by RDE tre a tm e n t. Bovine plasma album in showed no in h ib i t i o n  
o f  HA,
A s p e c if ic  fow l an tiserum  th e  th e  Heq 1 haem agg lu tin in  o f  
A /eq u in e /P rag u e /1 /5 6  was r a is e d  (se e  Appendix A ), HI t e s t s  a s  p re v io u s ly  
d e sc rib e d  and neuram inidase in h ib i t io n  a ssay s  by th e  NI enzyme tech n iq u e  
(Aymard-Henry e t  a l , 1973) showed th a t  th e  an tiserum  had an HI t i t r e  
o f 1 /2560  a g a in s t  th e  X15, X38 and XA2 recom binants b u t gave no 
in h ib i t io n  o f H3 haem agg lu tin ins o r  N2 neu ram in id ases.
The an tiseru m  was used in  p lace  o f  f e tu in  in  a  t r i a l  s e r ie s  o f  
N-HI t e s t  a g a in s t  th e  acu te  and co n v alescen t s e ra  p re v io u s ly  t e s t e d .
The r e s u l t s  were s im ila r  to  th o se  o b ta in ed  when u sin g  f e tu in ,  th e  
an tiserum  however was much more p o te n t th an  f e tu in  and RDE tre a tm e n t 
o f th e  an tiseru m  had no e f f e c t  on i t s  a c t i v i t y  in  th e  N-HI t e s t .  The 
an tiseru m  was very  much more d i f f i c u l t  to  s ta n d a rd is e  as th e  optimum 
serum d i lu t io n  f o r  use in  N-HI t e s t s  was c lo se  to 1 t h a t  g iv in g  t o t a l  
in h ib i t io n  o f HA. G rea te r d i lu t io n s  o f serum s ig n i f ic a n t ly  reduced  th e  
N-HI an tibody  t i t r e s .  In  view o f t h i s  f in d in g  and th e  te c h n ic a l
d i f f i c u l t i e s  invo lved  in  p rep a rin g  a la rg e  volume o f pure an tiserum  
i t  was decided  to  use f e tu in  f o r  subsequent t e s t s .
The f i n a l  techn ique  f o r  th e  N-HI t e s t  i s  shown on page 63*
Use o f  recom binant v iru s  (HK/Rec) in  p lace  o f  whole v i ru s  (a/HK/68) in
HI t e s t s .
To ensure  t h a t  HI t i t r e s  were n o t in f lu e n c e d  by th e  p resen ce  o f  
neuram inidase a n tib o d ie s  (M ille r  e t  a l , 1973) a  recom binant v iru s  
w ith  i r r e le v a n t  neuram inidase and A/dong Kong haem agg lu tin in  was u sed .
Sera from 200 boys w ith  N2 a n tib o d ie s  were t e s t e d  w ith  A/HK/6 8  
and HK/Rec a n tig e n s  (Table 10 M). Of th e s e ,  107 had N2 a n tib o d ie s  
acq u ired  as th e  r e s u l t  o f  in f e c t io n  w ith  A sian s t r a in s  and showed no 
HI t i t r e  w ith  th e  u n re la te d  H3 haem agg lu tin in . E igh ty  two s e ra  showed 
HI t i t r e s  w ith  b o th  a n tig e n s . A lthough th e se  s e ra  o f te n  had th e  same 
t i t r e  i t  can be seen  from th e  GOT th a t  some enhancement o f  HI t i t r e s  
to  A/HK/6 8  o c cu rred , presum ably due to  a n tib o d ie s  a g a in s t  th e  N2 
neu ram in idase . E leven s e ra  showed HI t i t r e s  w ith  A/HK/ 6 8  b u t  n o t w ith  
HK/Rec a n tig e n , n in e  o f  them w ith  an tibody  a t  th e  minimum d e te c ta b le  
l e v e l .  These r e s u l t s  confirm  th a t  th e  p resence  o f  neuram in idase 
an tib o d y  r e s u l t in g  from in fe c t io n  w ith  A sian s t r a in s  can o c c a s io n a lly  
g iv e  r i s e  to  HI t i t r e s  w ith  th e  u n re la te d  H3 haem agg lu tin in  o f  A/HK/6 8  
s t r a i n s .  Only s e ra  w ith  HI t i t r e s  to  th e  HK/Rec a n tig e n  were 
co n sid e red  to  have a n tib o d ie s  to  th e  H3 haem agg lu tin in  in  subsequent 
a n a ly se s .
TABLE 10 M.
Comparison o f  HI t i t r e s  w ith  A/HK/ 6 8  and HK/Rec in  s e ra
Category
1 .
2.
3.
T o ta l
w ith  a n tib o d ie s  a g a in s t  N2 neuram in idase.
T o ta l HI t i t r e  <20  20 40 80 160 GMT
a g a in s t
107 A/HK/68 1 07 -  -  -  -  <20
HK/Rec 107 -  -  -  <20
82 A/HK/ 6 8  0  25 43 12 2 36
HK/Rec 0 65 15 2 0 23
11 A/HK/68 0 9 0 1 1  27
HK/Rec 11 0 0  0 0 <20
200
C ategory 1 . No an tib o d y  to  A/HK/ 6 8  o r  HK/Rec.
2 . Antibody to  A/HK/ 6 8  and. HK/Rec.
3* A ntibody to  A/faK/68 o n ly .
F in a l  techn ique  f o r  e s tim a tio n  o f a n tib o d ie s  to  haem agg lu tin in  (H i) .
nCFT d i lu e n t” w ith  BPA ( f i n a l  c o n c e n tra tio n  0 .1 $ ) and 0.025 cm^
u n i t  volumes were used th ro u g h o u t. Sera were d i lu te d  one p a r t  o f
serum to  fo u r  p a r ts  o f RDE in  m ic ro t i t r e  t r a y s ,  mixed and. in cu b ated
in  a  m oist chamber a t  37°C f o r  17 hours fo llow ed  by one hour a t  56°C .’
Doubling d i lu t io n s  o f  t r e a te d  s e ra  were made from i /1 0  to  1/ 128O
usin g  a " T i te r te k ” m u l t i d i l u t e r . . Serum c o n tro ls  ( 1/ 1O serum d i lu t io n )
were in c lu d e d  on a se p a ra te  t r a y  to  confirm  th e  absence o f n o n -sp e c if ic
a g g lu tin a t io n  o f human group 0 c e l l s .  One volume o f an tig e n  a t  6 HD50
was added to  each serum d i lu t io n ,  mixed and h e ld  a t  room tem peratu re
3f o r  one h ou r. One u n i t  volume o f red  c e l l s  a t  60,000 RBC p e r  mm 
was added, mixed and h e ld  a t  44° C f o r  one hour b e fo re  re a d in g . HI 
p o s i t iv e  and n eg a tiv e  s e ra  and a n tig e n  back t i t r a t i o n s  were in c lu d ed  
w ith  each b a tc h  o f t e s t s  and r e s u l t s  were on ly  accep ted  when th e se  
gave th e  expected  t i t r e s .  The HI t i t r e  o f th e  s e ra  was tak en  to  be 
th e  h ig h e s t  d i lu t io n  showing com plete in h ib i t i o n .  A ll s e ra  from one 
in d iv id u a l  were te s t e d  a t  th e  same tim e. S era  w ith  an HI an tibody  
t i t r e  o f 1 /2 0  o r  more were reco rd ed  a s  ’’w ith  an tib o d y ” and th o se  w ith  
a t i t r e  o f l e s s  th an  1 /2 0  as ’’w ithou t an tib o d y ” .
*
S tr a in  A b b rev ia tio n  Subtype
A /England/12/64 (H2N2) A/Eng/6 4  H2
A/^ong Kong/1 /68  (H3N2) A/HK/6 8  H3
A/ftong Kong/1 /6 8  (H3) X A /equine/P rague/l/56(N eq1  )HK/Rec H3
A /England/42/72 (H3N2) A/Eng/72 H3"
A /P ort C halm ers/1/73 (H3N2) A/PC/73 H3f,r
A /S co tland /840 /74  (H3N2 ) A /S co t/74  H 3 "”
* see page 21 .
F in a l  techn ique  f o r  e s tim a tio n  o f a n tib o d ie s  to  neuram in idase (N-Hl) .
"CFT d i lu e n t” w ith  BPA ( f i n a l  c o n c e n tra tio n  0 .1 $ ) and 0 .025 cm^ 
u n i t  volumes were used  th ro u g h o u t. Sera were d i lu te d  one p a r t  o f 
serum to  fo u r  p a r t s  o f RDE in  m ic ro t i t r e  t r a y s ,  mixed and in c u b a ted  
a t  37°C f o r  17 hou rs fo llow ed  by one hour a t  56°C. D oubling d i lu t io n s
o f t r e a te d  s e ra  were made from 1/ 1O to  1/1280 u sin g  a " T ite r te k "
)
m u lt id i lu te r .  One volume o f an tig en  a t  12 HD50 was added to  each 
serum d i lu t io n , ,  mixed and h e ld  a t  room tem p era tu re  f o r  30 m in u te s .
One u n i t  volume o f  f e tu in  was added, mixed and h e ld  a t  room tem p era tu re  
f o r  a  f u r th e r  30 m in u tes . One u n i t  volume o f  re d  c e l l s  was added, 
mixed and h e ld  a t  -f4°C f o r  45 m inutes b e fo re  re a d in g . The N-HI t i t r e  
o f th e  s e ra  was tak en  to  be th e  h ig h e s t d i lu t io n  showing com plete 
in h ib i t io n .  A ll s e ra  from one in d iv id u a l were t e s t e d  a t  th e  same 
tim e . Two c o n tro ls  ( l / lO  d i lu t io n )  f o r  each serum were n e c e s sa ry , 
one w ithou t f e tu in  to  c o n tro l n o n -sp e c if ic  in h ib i t i o n  o f HA ane one 
w ithou t an tig e n  to  c o n tro l n o n -s p e c if ic  h aem ag g lu tin a tio n . P o s i t iv e  
and n eg a tiv e  c o n tro l  s e ra  and an tig e n  t i t r a t i o n s  w ith  and w ith o u t 
f e tu in  were in c lu d e d  w ith  each b a tch  o f  t e s t s  and r e s u l t s  were on ly  
accep ted  when th e se  gave th e  expected  t i t r e s .  S era  w ith  an N-HI 
an tibody  t i t r e  o f  1 /1 0  o r more were reco rd ed  as  "w ith  a n tib o d y ” and 
th o se  w ith  a t i t r e  o f  l e s s  th an  l / lO  as "w ithou t a n tib o d y " .
V iruses f o r  neuram in idase an tibody  e s tim a tio n s . A b b rev ia tio n
A /eq u in e /P rag u e /1 /5 6  (Heq 1 ) X A/frong Kong/1 /68  (N2) X15
A /eq u in e /P rag u e /1 /5 6  (Heq 1 ) X A/Engl and/4 2 /7 2  (N2) X38
A /equine/Prague / 1 / 5 6 (Heq 1) X A /Port C halm ers/l/73(N 2) X42
Subtype
N2
N2*
N2"
* see page 21•
A nalysis  o f an tibody  response to  su rface  a n tig e n s .
In  th e  an a ly ses th a t  fo llo w  th e  an tibody response w i l l  be 
recorded  in  two ways: 1 . The presence  o r absence o f an tibody  in  an
in d iv id u a l a t  th e  le v e ls  d e fin ed  ( l / 2 0  fo r  HI a n tib o d ie s  and l / lO  
f o r  neuram inidase a n tib o d ie s ) .  2 . The antibody  s t a t e ,  th a t  i s  th e  
presence o f an tibody  to  v a rio u s  an tig en s  in  com bination. I t  i s  
convenient to  code t h i s  f o r  th e  fo u r  haem agglu tin ins and th re e  
neuram inidase an tig en s  as shown in  Table 11 M.
TABLE 11 M.
A ntibody 3t a t e .
Code to  in d ic a te  e x te n t  o f c i r c u la t in g  HI and. N-HI 
a n tib o d ie s  in  an in d iv id u a l*
Code. A n tig en s.
H aem agglutin in  Neuram inidase
A/HK/68 A/Eng/72 A/PC/73 A /Scot/74 X15 X38 X4i
0+1 - - - + - -
1+0 + - - - - - -
1+1 + - - - + -  ' -
1+2 + - - - + + -
1+3 + - - - + + +
2+0 + + - - - - -
2+1 + + - - + - -
2+2 + + - - + + -
2+3 + + - - + + +
3+0 + + + - - - -
3+1 + + + — + - -
3+2 + + + - + + -
3+3 + + + + + +
4+0 + + + + - - -
4+1 + + + + + -
4+2 + + + + + +• -
4+3 + + + + + + .+
-  = no an tibody .
+ = w ith  an tib o d y .
uu
S t a t i s t i c a l  methods.
G-eometric mean t i t r e  (GMT) .
To c a lc u la te  th e  geom etric mean a l l  q u a n t i t ie s  to  average were 
m u lt ip l ie d  to g e th e r . Then i f  th e re  were ffnM q u a n t i t ie s ,  th e  "nth" 
ro o t was c a lc u la te d  (Moroney, 1968) .
E stim ated  p ro te c t iv e  e f f e c t  o f v acc in e .
V accine e f f ic a c y  was, c a lc u la te d  by th e  form ula:
Expected i l l  -  Observed i l l  ^  qq 
Expected  i l l
th e  h y p o th esis  b e in g  th a t  th e  i l l n e s s  r a te  in  th e  vaccine  group 
would be no d i f f e r e n t  from th a t  in  th e  unvacc ina ted  group. ( S t iv e r  
e t  a l . 1973)*
Results
PYREXIAL RESPIRATORY TRACT INFECTION DURING- THE TRIAL PERIOD.
Sporadic cases and sm all ou tb reaks o f r e s p i r a to r y  t r a c t  in f e c t io n  
w ith  fe v e r  occu rred  th roughout th e  t r i a l  p e r io d . Any boy re p o r t in g  
s ic k  was in v e s t ig a te d  in c lu d in g  boys who were n o t p a r t  o f th e  v acc ine  
t r i a l .  The in c id en ce  o f in f e c t io n  du rin g  th e  t r i a l  p e r io d  i s  shown 
in  F ig u re  1 R and th e  c au sa tiv e  a g e n ts , where known, in  Table 1 R.
I t  can be seen th a t  most sp o rad ic  cases and sm all ou tb reaks were o f 
unknown o r ig in  and o ccu rred  in  th e  sp rin g  te rm . A cause cou ld  be 
e s ta b lis h e d  in  about o f  th e  in f e c t io n s .
There were f iv e  occasions when a s u b s ta n t ia l  number o f  boys 
re p o rte d  s ic k  over a  sh o rt p e r io d  o f tim e . In  November 1970 th e re  
was an ou tb reak  o f  in f lu e n z a - l ik e  i l l n e s s ,  o f  unknown cau se , a f f e c t in g  
39 boys. The f i r s t  in f lu e n z a  o u tb reak  o ccu rred  in  March 1971 and was 
caused by an in f lu e n z a  B v i r u s .  There were 12 confirm ed cases  du rin g  
th e  term  and a f u r th e r  14 cases in  boys who were s ic k  du rin g  th e  
E a s te r  h o lid a y . These cases were d iagnosed  s e r o lo g ic a l ly .  D uring 
th e  sp r in g  term  o f 1972 s tre p to c o c c a l in f e c t io n s  were w idespread , 
reach in g  a peak in  March, th e re  was a t o t a l  o f  103 cases  in  th e  fo u r  
month p e r io d .
In  December 1972 th e re  was an o u tb reak  o f in f lu e n z a  caused  by a 
s t r a in  s im ila r  to  A /Engiand/42/ 72 . The f i r s t  cases  were seen te n  days 
b e fo re  th e  end o f th e  Autumn term . V iru s  was i s o la t e d  from th r o a t  
swabs o f  5 0 /6 3  cases in v e s t ig a te d  in  term  and a f u r th e r  e ig h t  in f e c t io n s  
were diagnosed  s e ro lo g ic a l ly .  The rem ain ing  f iv e  boys were shown n o t 
to  have been in fe c te d  w ith  in f lu e n z a  A. On r e tu rn in g  from th e  C hristm as 
h o lid ay  123 boys re p o r te d  having in f lu e n z a - l ik e  symptoms d u rin g  th e  
f i r s t  week o f  th e  h o lid a y . Sera c o l le c te d  b e fo re  and a f t e r  th e  o u tb reak  
showed th a t  some o f th e se  boys had been in f e c te d  w ith  in f lu e n z a  A. T h is
ou tb reak  i s  considered  in  d e t a i l  l a t e r .
The t h i r d  outbreak  o f in f lu e n z a  occurred  in  1974* The f i r s t  boys 
re p o rte d  s ick  on February  28 and th e  l a s t  on March 30; 228 boys became 
i l l  du ring  t h i s  p e rio d  and 217 o f th e se  were f u l l y  in v e s t ig a te d . Of 
th e se  217 boys 93 were shown to  have been in fe c te d  w ith  a s t r a in  
s im ila r  to  A /Port Chalm ers/l/73> 140 were shown to  have been in fe c te d  
w ith  in f lu e n z a  B; o f th e se  23 were double in fe c t io n s .  Seven boys 
were shown n o t to  have been in fe c te d  w ith  in f lu e n z a  A o r  B. This 
ou tbreak  was re p o rte d  by Hoskins e t  a l  (197^)•
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TABLE 1 R,
Cases o f  p y re x ia l  r e s p i r a to r y  t r a c t  in f e c t io n  w ith  known cau se .
Date No* o f cases C ausative ag en t
March 1971 2 6 In f lu e n z a  B
November 1971 1 Mycoplasma pneumoniae
J  anuary 1972 2 In f lu e n z a  A
3 BHS
February  1972 30 BHS
March 1972 57 BHS
A p ril  1972 5 BHS
May 1972 11 BHS
O ctober 1972 2 BHS
December 1972 58 In f lu e n z a  A
C hristm as h o lid a y 32 In f lu e n z a  A
O ctober 1973 2 BHS
November 1973 8 BHS
F ebruary  1974 2 G landu lar f e v e r
March 1974 93 In f lu e n z a  A
140 In f lu e n z a  B
O ctober 1974 1 Adenovirus
2 R ubella
November 1974 1 BHS
1 Mycoplasma pneumoniae
December 1974 1 BHS
3 Mycoplasma pneumoniae
F ebruary  1975 1 BHS
March 1975 2 In f lu e n z a  A
3 Mycoplasma pneumoniae
2 R e sp ira to ry  s y n c y t ia l
NATURAL INFECTION V/ITH INFLUENZA A,
The vaccine  t r i a l  p rov ided  an o p p o rtu n ity  to  s tudy  th e  s e ro lo g ic a l  
response to  n a tu ra l  in f e c t io n  w ith  in f lu e n z a  A. D uring th e  t r i a l  
p e rio d  th e re  were two ou tb reak s  o f  in f lu e n z a  A, th e  f i r s t  in  December 
1972 was due to  a s t r a in  s im ila r  to  A/Engl and/42 /7 2  and th e  second in  
March 1974 due to  a s t r a in  s im i la r  to  A /Port C halm ers/l/73* In  
a d d itio n  an e s tim a te  o f  p rev io u s  ex p erien ce  w ith  in f lu e n z a  A was 
o b ta ined  from th e  p re v a c c in a tio n  b loods c o l le c te d  on e n try  from each 
cohort*
A ntibodies to  th e  h aem agg lu tin in  and neuram inidase a f t e r  i n f e c t io n * 
In fe c tio n  w ith  A sian (H2N2) s t r a i n s *
The degree to  which a n tib o d ie s  to  th e  A sian neuram inidase c ro s s ­
re a c te d  w ith  th e  e a r ly  Hong Kong (H3N2) neuram inidase was in v e s t ig a te d *  
One hundred and f o r ty  boys who e n te re d  th e  t r i a l  in  1970 and 197i 
were shown to  have a n tib o d ie s  to  th e  A/Eng/6 4  (H2 ) haem agg lu tin in  b u t 
n o t to  th e  A/HK/6 8  (H3) h aem ag g lu tin in , i*e* th ey  had ev idence o f  
p rev ious in f e c t io n  w ith  H2N2 b u t n o t w ith  H3N2 s t r a in s .  The 
d is t r ib u t io n  o f t i t r e s  to  th e  neuram inidase  a n tig e n s  i s  shown in  
Table 2 R* I t  w i l l  be seen th a t  most s e ra  had a n tib o d ie s  r e a c t in g  
w ith  th e  X15 neuram in idase  a n tig e n  and only  f iv e  had a n tib o d ie s  
re a c tin g  w ith  th e  X38 an tigen* None had a n tib o d ie s  r e a c t in g  w ith  th e  
X42 antigen*
TABLE 2 R*
A ntibody to  neuram inidase in  boys p re v io u s ly  in fe c te d
A ntigen
X15
X38
w ith  A sian (H2N2) s t r a i n s *
(140 boys a s s e s s e d )*
N-HI t i t r e  No. w ith
an tibody
< 10 10 20 40 80 ^160
15 35 55 32 3 0 125
135 4  1 0 0 0 5
GMT
15
<10
In f e c t io n  w ith  e a r ly  A/flong Kong s t r a i n s *
The e s tim a tio n  o f  th e  a n tib o d ie s  to  haem agg lu tin in  and 
neuram inidase as th e  r e s u l t  o f in fe c t io n  w ith  e a r ly  Hong Kong 
(H3N2) s t r a in s  was made on p re v a c c in a tio n  s e ra  from boys who 
en te red  th e  t r i a l  in  1970 and 1971* The p resence  o f  a n tib o d ie s  to  
th e  A/HK/68 (H3) haem agg lu tin in  was tak en  to  in d ic a te  in f e c t io n  w ith  
Hong Kong s t r a in s  b e fo re  e n te r in g  th e  t r i a l .  I n f e c t io n s  a f t e r  1971 
could  have been due to  th e  l a t e r  A./Eng/42/ 72 - l ik e  s t r a in s .
One hundred and tw enty fo u r  boys were shown to  have a n tib o d ie s  
to  th e  A/HK/68 (H3) h aem agg lu tin in , a l l  b u t fo u r  a lso  had a n tib o d ie s  
to  A/Eng/ 6 4  (H2) haem ag g lu tin in . The d i s t r ib u t io n  o f  t i t r e s  to  th e  
v a rio u s  a n tig e n s  a re  shown in  Table 3 R and th e  an tib o d y  s t a t e  in  
Table 4
A ll boys had an tibody  to  th e  homotypic haem agg lu tin in . The 
h e te ro ty p ic  response  to  l a t e r  H3 s t r a in s  was c o n s id e ra b le , 58 boys 
had an tibody  to  A/Eng/7 2  and 26 to  A/PC/73 a n tig e n s . The homotypic 
t i t r e  to  th e  X15 neuram inidase was g r e a te r  th an  th a t  p re v io u s ly  
shown w ith  A sian  in f e c t io n s .  T his may have been due e i t h e r  to  a 
b o o s t o f  t i t r e  o r  to  th e  f a c t  th a t  th e  Hong Kong in f e c t io n s  were 
more re c e n t .  The f in d in g s  t h a t  67 boys had an tibody  to  th e  X38 
an tig en  may have r e s u l te d  from in fe c t io n  w ith  Hong Kong s t r a in s  
c i r c u la t in g  s in ce  19^9 w ith  th e  X38 neuram inidase d e te rm in a n t.
Only two boys had an tibody  re a c tin g  w ith  th e  X42 a n tig e n .
TABLE 3 R.
A/faong Kong n a tu r a l  in f e c t io n s *
Antibody to  haem agg lu tin in  and neuram inidase by t i t r e . 
( 124 boys a sse sse d ) .
H aem agglutinin.
Anti'gen. HI t i t r e No. w ith  
antibody-
GMT
<20 20-40 80-160 ^320
A/HK/68 0 78 45 1 . 124 51
A/Eng/7 2 66 55 3 0 58 16
A/pc/7 3 . 98 26 0 0 26 < 2 0
N euram inidase.
A ntigen N-HI t i t r e No. w ith  
an tibody
GMT
< 10 10-20 4 0 -8 0 ^160
X15 0 44 80 0 124 32
X58 57 62 5 0 67 < 10
Ih.2 122 1 1 0 2 < 1 0
TABLE 4  R.
A/faong Kong n a tu ra l  in f e c t io n .
#
A ntibody s t a t e  a f t e r  in f e c t io n .
1+1 1+2 2+1 2+2 2+3 3+1 3+2
No. in  s ta t e  34 32 15 15 2 9 17
* • see Table 11 M page 65
T o ta l
124
In f e c t io n  w ith  A /Eng/42/72.
An o u tb reak  o f  in f lu e n z a  A due to  a s t r a in  s im i la r  to  A /Eng/42/72 
occured in  th e  schoo l d u ring  December 1972. The response  to  in f e c t io n  
wgs a sse sse d  in  59 boys who had n o t re c e iv e d  in f lu e n z a  A v a cc in e . 
Twenty one had HI an tibody  to  th e  H3 s t r a i n s  b e fo re  in f e c t io n  and 38 
had none. D is t r ib u t io n  o f  t i t r e s  to  th e  v a rio u s  a n tig e n s  in  th e  two 
groups i s  shown in  Table 5 R and th e  an tibody  s t a t e  a f t e r  in f e c t io n  
in  Table 6 R.
I t  can be  seen th a t  th e  response  to  in f e c t io n  was in f lu e n c e d  by 
p rev io u s  ex p erien ce  o f  H3 s t r a in s .  Those boys w ith o u t p rev io u s  
experience  o f  H3 s t r a in s  produced a s im ila r  t i t r e  o f  HI a n tib o d ie s  
to  A/HK/68, A/Eng/72 and A/PC/73* I n  th o se  boys w ith  H3 an tib o d y  
i n i t i a l l y  HI t i t r e s  were h ig h e r  to  th e  A/jHK/68 haem ag g lu tin in  th an  
tp  th e  homotypic s t r a i n  (A /E ng/72). Some boys d id  n o t produce HI 
an tibody  to  A /Scot/74* The d if fe re n c e  betw een th e  N-HI response  o f  
th e  two groups was l e s s  marked b u t SOfo o f  th e  boys w ith o u t H3 
an tibody  i n i t i a l l y  made a h e te ro ty p ic  response  to  X42 compared w ith  
60> o f  th e  boys w ith  H3 a n tib o d ie s .  The s im i la r i ty  in  th e  t i t r e s  to  
X15 in  th e  two groups was p robab ly  in f lu e n c e d  by  th e  f a c t  t h a t  a l l  
b u t two o f  th e  59 boys showed evidence o f  p rev io u s  in f e c t io n  w ith  
A sian s t r a in s .
TABLE 5 R.
A/Eng/72 n a tu r a l  in f e c t io n .
T i tr e  o f an tibody  to  haem agg lu tin in  and neuram inidase a f t e r  in f e c t io n #
H aem agglutin in .
A ntigen H3 an tibody  
b e fo re  ^ 
in f e c t io n
HI t i t r e No. w ith  
an tib o d y
GMT
<20 2CH-0 80-160 ^320
A/HK/68 1 26 10 1 37 40
+ 0 1 19 1 21 114
A/Eng/7 2  - 0 27 10 1 38 47
+ 0 9 12 0 21 57
A/pc/7 3 0 27 10 1 38 44
+ 0 12 8 1 21 55
A/Scot/7 4  - 7 28 3 0 31 27
+ 6 12 3 0 15 31
N euram inidase.
A ntigen H3 an tib o d y  
b e fo re  
in f e c t io n
N-HI t i t r e No. w ith  
an tib o d y
GMT
<10 10-20 4 0 -8 0 *160
X15 0 4 25 9. 38 65
+ 0 1 19 1 21 55
X38 - 3 27 8 0 35 20
+ 4 15 2 0 17 16
X42 4 20 14 0 34 20
+ 7 13 1 0 14 12
* -  = 38 “boys had no H3 an tibody  b e fo re  in f e c t io n .  
+ = 21 boys had H3 an tib o d y  b e fo re  in f e c t io n .
TABLE 6 R.
A/Eng/72 n a tu ra l  in f e c t io n .
*•
A ntibody s t a t e  a f t e r  i n f e c t i o n
H3 an tibody  Code
b e fo re
in fe c t io n  3+1 * 3+2 3+3 4+1 4+2 4+3
Absent 2 0 5 1 1 29
P re se n t 2 0 4  2 3 10
T o ta l 4  0 9 3 . 4  39
* see Table 11 M page 65 .
T o ta l
38
21
59
In f e c t io n  w ith  A /P ort Chalmers.
An o u tb reak  o f  in f lu e n z a  A due to  a  s t r a i n  s im ila r  to  A /P C /i/7 3 
occured in  th e  schoo l during  March 1974* The response to  in f e c t io n  
was a sse sse d  in  35 boys o f th e  s p e c ia l  c o h o r t,  24 o f  whom had re c e iv e d  
th re e  doses o f  A/HK/Vac and 11 who had n o t re c e iv e d  A/HK/Vac. A ll  
b u t th re e  o f  th e  35 boys had an tibody  to  th e  H3 haem agg lu tin in  b e fo re  
in fe c t io n  and a l l  had an tibody  to  th e  N2 neuram in idase . The 
d i s t r ib u t io n  o f  t i t r e s  to  th e  v a rio u s  a n tig e n s  in  th e  two groups i s  
shown in  Table 7 & &n<l th e  an tibody  s t a t e  a f t e r  in f e c t io n  in  Table 8  R.
I t  can be seen  th a t  th e  response  to  b o th  haem agg lu tin in  and 
neuram inidase was in f lu e n c e d  by p rev io u s  ex p erien ce  o f H3 s t r a in s  (a s  
was th e  case  w ith  th e  response  to  A/Eng/4 2 /7 2  i n f e c t io n s ) .  The 
h ig h e s t  t i t r e s  were found in  boys who had re c e iv e d  A/flK/Vac and th e  
g r e a te s t  response  in  b o th  groups was to  th e  A/KK/ 6 8  h aem ag g lu tin in .
The response  to  th e  neuram inidase was a lso  g r e a te s t  i n  v a c c in a te d  
boys and f o r  b o th  groups th e  h ig h e s t  N-HI t i t r e s  were th o se  to  th e  X15 
a n tig e n . The f in d in g s  p robab ly  r e f l e c t  th e  response  to  re p e a te d  
a n tig e n ic  s t im u l i .  A ll b u t two o f th e  35 boys produced a n tib o d ie s  
r e a c t in g  w ith  a l l  seven a n tig e n s  (4 +3 )*
TABLE 7 R.
A /P o rt Chalmers n a tu ra l  in f e c t io n .
T i tr e  o f an tibody  to  haem agg lu tin in  and neuram inidase a f t e r  in f e c t io n *
A ntigen V accine
group <20
HI
20-40
t i t r e
80-160 9*320
No. w ith  
an tib o d y GMT
A/HK/6 8 NV 0 1 6 4 11 236
V 0 ■ -  0 3 21 24 314
A/Eng/72 NV 0 1 8 2 11 149
V 0 0 8 16 24 358
A/PC/73 NV 0 0 9 2 11 140
V 0 0 13 11 24 282
A /Scot/74 NV 0 1 8 2 11 70
V 0 2 16 6 24 129
A ntigen V accine
group <10
N-HI
10-20
t i t r e
4 0-80 9160
No. w ith  
an tib o d y GMT
X15 NV 0 2 9 0 11 74
V 0 2 17 6 24 104
X38 NV 0 10 1 0 11 17
V 1 11 11 1 24 27
Jk2 NV 1 9 1 0 10 15
V 1 10 10 3 23 32
NV = n o t v acc in a ted  (11 Boys)#
V = v a c c in a te d  w ith  A/HK/Vac (24 h o y s ) .
TABLE 8 R.
A /Port Chalmers n a tu r a l  in f e c t io n .
*
Antibody s t a t e  a f t e r  in f e c t io n . 
Vaccine group Code
4+1 4+2 4+3 T o ta l
Not v acc in a ted  1 0 10 11
V accina ted  0 1 23 24
♦ see Table 11 M page 65*
Comparison o f an tibody  p a t te rn s  a f t e r  in f e c t io n  w ith  
A sian (H2N2) and A/^iong Kong (H5N2) s t r a i n s #
The r e s u l t s  o f th e  p rev ious s e c tio n s  d e a lin g  w ith  n a tu r a l  
in fe c t io n  a re  summarised in  F ig u re s  2 R and 3 R* I t  w i l l  be  seen 
th a t  a lthough  a c e r ta in  ov erlap  e x is t s  betw een th e  an tibody  s t a t e s  
a f t e r  d i f f e r e n t  in f e c t io n s  and a lthough  response  to  in f e c t io n  was 
in f lu e n c e d  by p rev io u s  ex p erien ce , c e r ta in  b ro ad  co n c lu s io n s  could  
be drawn. Almost a l l  boys w ith  A sian in f e c t io n s  produced a n tib o d ie s  
to  th e  X15 neuram inidase an tig en  b u t n o t to  l a t e r  s t r a in s .  Of th e  
boys in f e c te d  w ith  e a r ly  Hong Kong s t r a in s  none produced a n tib o d ie s  
r e a c t in g  w ith  th e  A /S co t/74  haem agg lu tin in  and few w ith  th e  X42 
neuram in idase , A.11 o f  th e  boys in fe c te d  w ith  A/Eng/72- produced 
a n tib o d ie s  to  th e  A/PC/73 haem agglu tin in  and most to  th e  X42 
n eu ram in idase . A ll  th o se  in fe c te d  w ith  A /P o rt Chalmers produced 
a n tib o d ie s  to  A /S co t/74 and a l l  b u t two to  th e  X42 neu ram in idase .
Thus an tibody  s t a t e s  o f ”1+1” , ”1+. 2” o r  ” 2+2" were co n sid e red  to  be 
th e  r e s u l t  o f in f e c t io n  w ith  e a r ly  Hong Kong s t r a in s  and th e  ”4+3” s t a t e  
l i k e ly  to  r e p re s e n t  in f e c t io n  w ith  A/Eng/72 o r  A /P o rt Chalmers s t r a i n s .
f> y  2 F i-
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P e rs is te n c e  o f  an tib o d y *
I t  became c le a r  from th e  exam ination o f su cce ss iv e  annual s e ra  
th a t  an tibody  to  th e  su rfa c e  a n tig e n s  o f  in f lu e n z a  A once acq u ired  i s  
rem arkably p e r s i s t e n t .  Annual s e ra  from 56 boys o f  th e  s p e c ia l  
co ho rt who were n o t v a cc in a ted  and rem ained in  th e  school f o r  th e  
t r i a l  p e rio d  were examined f o r  changes o f  an tibody  t i t r e .  Only 
th re e  boys showed any f a l l  in  an tibody  t i t r e ;  th e  HI a n tib o d ie s  
only  were a f fe c te d  and f a l l s  were minimal ( 2 - f o ld ) .  The a n tib o d ie s  
d e te c te d  in  su ccess iv e  annual s e ra  from th e  rem ain ing  53 boys were 
unchanged i n  t i t r e  th ro ughou t th e  p e r io d  o f  o b se rv a tio n  o r  u n t i l  th e y  
became in fe c te d  in  1972 o r  1974-* Some in fo rm atio n  on th e  r e l a t i o n  
o f th e  r e s t in g  t i t r e  in  annual s e ra  to  th e  t i t r e s  ach ieved  s h o r t ly  
a f t e r  in f e c t io n  was a v a i la b le  f o r  13 o f  th e  boys in fe c te d  in  1972. 
C onvalescent s e ra  were c o l le c te d  s ix  weeks a f t e r  th e  December o u tb reak  
and th e  boys were b le d  ag a in  in  O ctober 1973* In  no case  d id  th e  
an tibody  developed in  convalescence f a l l  to  an u n d e te c ta b le  l e v e l  n in e  
months l a t e r .  Pour boys showed a f o u r - fo ld  f a l l  in  t i t r e  to  one o r  
more o f th e  h aem agg lu tin in s and two boys a  f o u r - f o ld  f a l l  to  one o r  
more o f th e  neuram in idase a n tig e n s . The r e s t  showed on ly  tw o -fo ld  
f a l l s  in  t i t r e  o r  no change. Seven o f th e se  boys were t e s t e d  e ig h te e n  
months l a t e r  and showed no an tibody  change. D is t r ib u t io n  o f  t i t r e s  
in  co n v a le scen t and O ctober 1973 s e ra  a re  shown i n  Table 9 
(h aem agg lu tin in ) and Table 10 R (n eu ram in id ase ).
TABLE 9 R*
P e rs is te n c e  o f  an tib o d y .
F a l l  in  t i t r e  o f  a n tib o d ie s  to  haem agg lu tin in  a f t e r  in f e c t io n  w ith
A/Eng A -2 /7 2 .
(13 boys a s s e s s e d ) .
A ntigen Sera HI t i t r e No* w ith GMT
<20 20-40 80-160 ^320 an tibody
A/HK/6Q B2 12 1 0 0 1 <20
A 12 1 0 0 1 <20
C 0 7 5 1 13 61
B3 0 8 5 0 13 48
A/Eng/72 B2 13 0 0 0 0 < 2 0
A 13 0 0 0 0 <20
C 0 4 7 2 13 88
B3 0 8 5 0 13 49
A/PC/73 B2 13 0 0 0 0 < 2 0
A 13 0 0 0 0 < 2 0
C 0 6 5 2 13 84
B3 0 9 3 1 13 49
A /Scot/7 4 B2 13 0 0 0 0 < 2 0
A 13 0 0 0 0 < 2 0
C 1 9 3 0 12 34
B3 1 10 2 0 12 29
Key to s e ra : B2 = O ctober 1972 s e ra .
A = December 1972 acu te  sera*
C = Jan u ary  1973 co n v alescen t sera*  
B3 = O ctober 1973 sera*
TABLE 10 R.
P e rs is te n c e  o f  an tib o d y .
F a l l  in  t i t r e  o f a n tib o d ie s  to  neuram inidase  a f t e r
in f e c t io n  w ith  A /Eng/42/72*
(13 "boys assessed )*
.Antigen Sera N-HI t i t r e No* w ith GMT
<10 10-20 40-80 ^160 an tibody
X15 B2 2 9 . 2 0 11 15
A 2 9 2 0 11 15
C 0 0 5 8 13 142
B3 0 0 10 3 13 88
X38 B2 13 0 0 0 0 <10
A 13 0 0 0 0 < 10
C 0 7 3 3 13 42
B3 0 8 5 0 13 26
X42 B2 13 0 0 0 0 -<10
. A 13 0 0 0 0 < 10
C 0 6 6 1 13 36
B3 0 7 6 0 13 26
Key to  s e ra : B2 = O ctober 1972 sera*
A = December 1972 a cu te  sera*
C = January  1973 co n v a lescen t s e ra . 
B3 = O ctober 1973 sera*
A ntibod ies to  su rfa c e  a n tig e n s  in  p re v a c c in a tio n
s e ra  o f  d i f f e r e n t  c o h o rts .
Sera c o l le c te d  on e n try  to  th e  school and b e fo re  v a c c in a tio n  
were examined by HI and N-HI from  a l l  boys in c lu d ed  in  th e  t i d a l .
The a n tib o d ie s  p re s e n t on e n try  a re  shown in  F ig u re  4  R and th e  
an tibody s t a t e  i n  F ig u re  5 S* A comparable e s tim a tio n  o f c i r c u la t in g  
a n tib o d ie s  was p o s s ib le  on annual se ra  from 56  boys in  th e  s p e c ia l  
cohort who d id  n o t re c e iv e  in f lu e n z a  A v acc in e . The developm ent o f  
a n tib o d ie s  to  th e  haem agg lu tin in  and neuram inidase du rin g  th e  t r i a l  
p e rio d  in  th e se  boys i s  shown in  F ig u re  6 R and th e  an tib o d y  s t a t e  
in  F ig u re  7 R.
These f ig u r e s  show th a t  over th e  y e a rs  an tibody  to  in f lu e n z a  A 
s t r a in s  o f  th e  Hong Kong su b -type  were p re se n t in  an in c re a s in g  
p ro p o rtio n  o f th e  boys. I t  w i l l  be seen from F ig u re s  4  R and 5 R 
th a t  l e s s  th a n  h a l f  o f th e  1970 and 1971 e n try  had evidence o f  
in fe c t io n  w ith  e a r ly  Hong Kong s t r a i n s .  On th e  o th e r  hand a l l  o f  
those  in  th e  1974 e n try  and most o f th o se  in  th e  1975 e n try  had some 
experience o f  Hong Kong s t r a in s  and much o f  t h i s  must have been  
acq u ired  by in f e c t io n  w ith  A/Eng/72 o r  A /P ort C halm ers-like  s t r a i n s .  
The f ig u re s  a re  p re se n te d  h e re  to  show th a t  th e  ex p erience  o f  
su ccessiv e  co h o rts  on e n try  v a r ie d  w idely  from y e a r  to  y e a r  b u t was 
s im ila r  to  th a t  o f  th e  s p e c ia l  co h o rt in  th e  sch o o l.
F o r boys o f th e  s p e c ia l  co h o rt who were m onitored  th ro u g h o u t 
th e  t r i a l  p e rio d  th e  im pact o f two o u tb reaks o f in f lu e n z a  w i l l  be 
d e a lt  w ith  in  d e t a i l  l a t e r .
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ncz-uram in.i3.2ise in  e n t r y  5<tra.
Ha.e^  of
Cohort boys /o
1 0 0
75
50
25
1970 81).
H antigen, 
n/fiij/sv  A/hk/68 fl|£«)|72 fijpc/73 fl/Scot^
41
22
T\ antigen
X?5 X 33 x ^ a .
79
n
loo-
75
50
25
Jff.XL.a5.
75
38
(IF!
72
27
loo
75'
So
25
86
65
46
23
89
p5l
1973 110
IOO
75'
50
25i
103
68
45
29
78
23
too
75
50
25
197y ? 5
81
95 95
84
45
95
81
37
1?75 125
700
vs*
so*
25
98
119 118
102
69
123
95
69
-^TIo. o j \?oy 5 toe t u anttbocl^
h
5 r.
Ar\tib ocLj state, in <zntrcj sera_ <z.3cpre,ssei as  perc.<mtaxj«.
o 0+10+20+3 3+03+73+2 3+3 if+o h+2- H-+3
60
3o
eo
50
33
30
€o
60
50
50
-  3C
as
60
53
3C
no
f^rcfcntaac oj- Uxjs ulth. anbibodij to haernaaaLufcimri and  
ncuraTmnidascz in annuaL etzrz .'Specia l cohort controL
qroLLp (58-boys).
H a n t ig e n
ft/Eng|6q. R|TO|68 R)En5|7£ R|PC|73 Pi|ScoM  X 15 X 3 8  X /}£loo
2>1
50
26
1 $ m 100
51
w
50
13DT
55
5251
75
50
i^ za UJT
55 5555 50
50
f i j  7 fy
Rntibocly state. in annual 5<z.ra expressed. as  percentage. 
S p e c i a l  co I io tI :  n o t  vacci3n .a  t e d  t o i  t \  inJluL&nTjtL R .
''Hazy H o.tastzi^
m o 5 6
60.
60-
V>
30
So­
to
D 0+1 0+2 0+3
ei*
1+0 1+1 1+21+3
»9
CocUn
92+0 2+1.2+2 2*5 3+0 3+13+2 3+3
i T l z :
f+J 4+2 if-+3
??77 5 6
60-
50'
W
30
So­
lo
p h - ^
1972 5fe
6o
50
tfO
3a
So­
to-
V?
60
60
i*o-
30'
2o-
10
L y z i 11
22
1 1
197/f. 5 6
60
50-
¥>
30*
20'
10 1.rzniL t t t •n 3
32.
A-4TT
^  H o . o j  b o y s  w i th  a n t i b o J y .
P ro te c t iv e  e f f e c t  o f  n a tu ra l  in fe c tio n *
There were two opportunities to assess the protective effect of 
natural infection during the trial period. The first occurred during 
the A/Eng/72 outbreak and the second during the A/Port Chalmers 
outbreak. A further estimate was obtained from the outbreak of 
influenza caused by a strain similar to A/Victoria/3/75 after the end 
of the study period. The results from the A/Victoria outbreak are 
shown in Appendix B.
The estimate of the protective effect of A/Kong Kong natural 
infection against the A/Eng/4 2 /7 2 challenge was based on the fate of 
boys fully assessed from the control groups of the special cohort and 
1972 entry. Infection in these 108 boys, who did not receive A/HK/Vac, 
is shown in Table 11 R. It can be seen that infection with early 
A/feong Kong strains gave.substantial protection against A/Eng/72 
challenge. The high challenge rate can be judged from boys who had
c.
had no previous experience of H3 strains.
The estimate of the protective effect of natural infection against 
challenge with A/Port Chalmers was only possible on 56 boys of the 
special cohort from whom total assessment was available. These boys 
had never received influenza A vaccine. Infections occurring in this 
group during the A/Port Chalmers outbreak are shown in Table 12 R.
I t  can be seen th a t  none o f th e  33 boys in fe c te d ,  w ith  A/Eng/72 was 
r e - in f e c te d  w ith  A /P o rt Chalm ers. I n  a d d it io n  none o f th e  20 boys 
in  th e  A/HK/Vac group who were in f e c te d  in  1972 and who were s t i l l  in  
th e  school in  1974 was in fe c te d  w ith  A /P ort Chalm ers.
The relationship between circulating antibody and protection from 
natural challenge is considered later (page 132).
TABLE 11 R.
P ro te c tiv e  e f f e c t  o f n a tu ra l  in f e c t io n  a g a in s t  A /Eng/42/72 c h a lle n g e .
( l 08 boys a s s e s s e d ) .
Previous 
experience 
of H3 strains
T o ta l In fe c te d  1972 
S NS
fo in fe c te d
None
With b e fo re  
1972
43
65
25
8
13
13
88
32
TABLE 12 R.
P ro te c t iv e  e f f e c t  o f n a tu ra l  in f e c t io n  a g a in s t  A /P ort Chalmers c h a lle n g e .
(56  boys a s s e s s e d ) .
P rev ious 
experience  
o f H3 s t r a in s
T o ta l In fe c te d  1974 
S NS
fo infected
None
B efore 1972 
I n fe c te d  1972
4
19
33
75
42
0
Key: S = w ith  symptoms o f  in f lu e n z a
NS = w ithou t symptoms o f  in f lu e n z a .
S u b -c lin ic a l  in f e c t io n s .
Annual b lood  samples were c o lle c te d  from some groups o f  boys 
b e fo re  and a f t e r  th e  two ou tb reaks o f in f lu e n z a  A. E xam ination o f 
th e se  s e ra  showed th a t  r i s e s  in  t i t r e  to  in f lu e n z a  A a n tig e n s  occu rred  
in  boys n o t r e p o r t in g  w ith  symptoms o f in f lu e n z a  as d e f in e d . A lthough 
i t  was n o t p o s s ib le  to  be c e r ta in  th a t  th e se  boys d id  n o t have m inor 
r e s p ir a to ry  symptoms th ey  a re  regarded  as  symptomless o r  s u b - c l in ic a l  
in f e c t io n s .  .
An e s tim a te  o f  th e  response  to  s u b - c l in ic a l  in f e c t io n  w ith  
A,^Eng/72 was o b ta in e d  from com parison o f annual s e ra  c o l le c te d  in  
1972 and 1973 from  th e  c o n tro l  groups o f th e  s p e c ia l  co h o rt and 1972 
e n try . In  th e se  groups th e re  were 33 in f e c t io n s  w ith  symptoms o f 
in f lu e n z a  and 26 s u b - c l in ic a l  in f e c t io n s  (se e  Table 11 R ).
The d i s t r ib u t io n  o f an tibody  t i t r e s  to  th e  v a rio u s  a n tig e n s  was 
determ ined a f t e r  in f e c t io n  in  those  w ith  and w ith o u t symptoms. There 
was a c o n s is te n t  tendancy f o r  th o se  w ith  symptoms to  produce r a th e r  
h ig h e r  an tibody  t i t r e s  th an  th o se  who had no symptoms. The response  
was a lso  in f lu e n c e d  by p rev io u s  experience  o f  th e  H3 a n tig e n . However 
th e  sm all numbers in  th e  sub-groups combined w ith  th e  sm all d if f e r e n c e  
in  t i t r e s  meant t h a t  th e  o b serv a tio n s  d id  n o t ach ieve  s ig n if ic a n c e .
The d if fe re n c e  i n  response  i s  most e a s i ly  seen by c o n s id e rin g  th e  
an tibody  s ta t e  a f t e r  in f e c t io n ,  shown in  Table 13 R* I t  w i l l  be seen 
th a t  h a l f  o f  th o se  w ith  s u b - c l in ic a l  in f e c t io n s  produced a com plete 
an tibody  response  (4+3) compared w ith  82/o o f  th o se  w ith  symptoms.
In  th e  P o r t Chalmers ou tbreak  a s im ila r  assessm ent was made on th e  
18 c l i n i c a l  c a se s  and th e  17 symptomless in f e c t io n s  which o ccu rred  in  
th e  s p e c ia l  c o h o rt. There was a s im ila r  tendancy  f o r  th o se  who had 
symptoms to  produce r a th e r  h ig h e r an tibody  t i t r e s  compared w ith  th o se
who had no symptoms. A ll except two o f those  in fe c te d  produced 
an tibody  to  a l l  seven an tig en s  (A+3)* The two e x cep tio n s , who had 
no symptoms, f a i l e d  to  produce homotypic an tibody  to  th e  neuram inidase
TABLE 13 ft.
Antibody s t a t e  a f t e r  A/Eng/72 in f e c t io n .
Symptoms of 
influenza
S
NS
CocLe
3+1 3+3 4+1 4+2 4+3 T o ta l
1 4  1 0 27 33
3 5 2 4  12 26
Key: S = w ith  symptoms o f  in f lu e n z a
NS = w ithou t symptoms o f  in f lu e n z a
* see Table 11 M page 65
RESPONSE TO VACCINE.
Assessment' o f  th e  s e ro lo g ic a l  response  to  v acc ine  was p o ss ib le  
on a number o f  boys who were b le d  b e fo re  and a f t e r  v a c c in a tio n . The 
sequence o f  v a c c in a tio n  and b lood  sam pling in  th e se  boys i s  shown in  
Table 14 R. The response to  A/HK/Vac and A/PC/Vac was a sse ssed  one 
y e a r  a f t e r  v a c c in a tio n  when th e  boys were b le d  b e fo re  b e in g  
re v a c c in a te d . I t  seemed p o s s ib le  th a t  assessm ent a f t e r  one y e a r  
m ight r e s u l t  in  a co n s id e rab le  u n d e r-e s tim a te  o f  th e  vaccine  re sp o n se . 
An o p p o rtu n ity  to  a sse ss  th e  s ig n if ic a n c e  o f  t h i s  u n d e r-e s tim a te  
occu rred  on two o ccas io n s . In  March 1971 th e re  was a  sm all o u tb reak  
o f  in f lu e n z a  B in  th e  school and 21 boys o f  th e  1970 e n t iy  were b le d ;  
in  March 1974 th e re  was an o th e r o u tb reak  o f  in f lu e n z a  B and 19 boys 
o f  th e  1973 e n try  were b le d . A com parison o f  th e  an tibody  t i t r e s  
in  th e se  4 0  s e r a ,  c o l le c te d  fo u r  months a f t e r  v a c c in a tio n , w ith  th e  
subsequent annual se ra  showed th e  e x te n t to  which any f a l l  i n  an tib o d y  
over t h i s  p e r io d  m ight d i s t o r t  e s tim a te s  o f  re sp o n se .
I n  27 o f  th e  40 boys th e  HI an tibody  t i t r e s  were th e  same in  
March and O ctober and a f u r th e r  n ine b o y s, though showing a f a l l  in  
t i t r e ,  would s t i l l  have been  c l a s s i f i e d  a s  re sp o n d ers . I n  fo u r  boys 
a homotypic response  was m ain ta in ed  b u t  c ro s s - r e a c t in g  h e te ro ty p ic  
a n tib o d ie s  were l o s t .  E s tim a te s  o f  resp o n se  to  th e  neuram inidase 
a n tig e n s  showed a s im ila r  p a t te r n ;  33 boys had th e  same t i t r e s  in  
March and O ctober, one showed a f a l l  in  t i t r e  b u t would s t i l l  have 
been c l a s s i f i e d  as a resp o n d er and th re e  boys m ain ta ined  a hom otypic 
response  b u t  h e te ro ty p ic  a n tib o d ie s  were l o s t .  Three boys had an 
ap p aren t tw o -fo ld  r i s e  in  homotypic an tib o d y  in  th e  March s e ra  b u t 
th e .a n n u a l s e ra  c o l le c te d  b e fo re  and a f t e r  v a c c in a tio n  gave th e  same 
t i t r e s .
The d is tr ib u tio n  of antibody t i t r e s  in  those who received  
A/HK/Vac are  shown in  Table 15 R and those who received  A/Eng/Vac 
in  Table 16 R.
I t  seems th e re fo re , th a t  an tibod ies  produced a f te r  v acc ina tion  
are s u f f ic ie n t ly  w ell m aintained to  make the r e s u l ts  of the  annual 
sera  a reasonable estim ate o f vaccine response. This im pression i s  
supported by the  small changes in  the  geometric mean t i t r e s  (©IT) 
between th e  March and October se ra  which f o r  no an tigen  exceeded a 
25^ o f a l l .  Smith e t  a l ( i 975) showed th a t  an tibod ies  produced 
follow ing aqueous in flu en za  A vaccine are s t i l l  d e tec tab le  over a 
year a f te r  vacc in a tio n .
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TABLE 15 R.
Comparison o f  t i t r e s  by HI and N-HI fo u r  months and one
y e a r  a f t e r  A/HK/Vac.
(21 boys a sse sse d ) . 
A ntigen Time a f t e r  HI t i t r e
v a c c in a tio n <20 20-40 80-160 ^320 GMT
a/ hk/6 8 B efore 8 7 6 . 0 30
4  months 1 4 12 4 103
1 y e a r 1 6 12 2 82
A/Eng/7 2 B efore 14 6 1 0 ' 14
4  months 6 11 3 1 29
1 y e a r 7 12 1 1 23
A/PC/73 B efore 19 2 0 0 10
4  months 12 7 2 0 16
1 y e a r 16 3
n- h i
2
t i t r e
0 14
<10 10-20 40-80 !>160 GMT
X15 B efore 1 6 14 0 32
4  months 0 4 16 1 45
1 y e a r 0 •5 16 0 41
X38 B efore 13 8 0 0 -<10
4  months 9 11 1 0 <10
1 y e a r 10 10 1 0 < 1 0
XA2 B efore 21 0 0 0 < 1 0
4  months 20 1 0 0 < 1 0
1 y e a r 21 0 0 0 < 1 0
TABLE 16 R.
■Comparison o f t i t r e s  By HI and N-HI fo u r  months and one
y e a r  a f t e r  A/Eng/Vac,
(19 Boys a s s e s s e d ) , '
A ntigen Time a f t e r  
v a c c in a tio n < 2 0
HI
20-40
t i t r e ,  
80-160 ^320 GMT
A/HK/68 B efore 2 9 7 1 51
4  months 0 3 12 4 122
1 y e a r 0 3 14 !2 114
A/Eng/72 B efore 4 13 2 0 25
4  months 0 7 11 1 74
1 y e a r 0 6 13 0 72
A/PC/73 B efore 8 10 1 0 21
if months 0 10 9 0 54
1 y e a r 0 12 7 0 47
A /Scot/74 B efore 12 7 0 0 13
if months 2 13 4 0 30
1 y e a r 2 13
N-HI
4
t i t r e
0 28
<10 10*^20 40-80 ^160 GMT
X15 B efore 1 7 - 10 1 31
if months 1 5 11 2 37
1 y e a r 1 5 11 2 36
X38 B efore 4 14 1 0 11
if months 3 13 3 0 14
1 y e a r 3 13 3 0 13
X42 B efore 14 4 1 0 <10
if months 12 6 1 0 < 1 0
1 y e a r 13 5 1 0 <10
I n f e c t io n  w ith  in f lu e n z a  A d u rin g  vacc in e  assessm en t.
D uring th e  f i r s t  y e a r ,  1970-1971 t th e re  were no proven cases 
o f  in f lu e n z a  A in f e c t io n  in  hoys r e p o r t in g  w ith  symptoms n o r was 
th e re  ev idence o f in f e c t io n  i n  th e  c o n tro l  group. The assessm ent 
o f  response  to  th e  f i r s t  dose o f  A/HK/Vac was th e re fo re  co n sid ered  
to  he  uncom plicated  hy any in f lu e n z a  A in f e c t io n .  From O ctober 1971 
to  O ctober 1972 when th e  response  to  th e  second dose o f A/frK/Vac was 
a s s e s s e d , seven hoys in  th e  c o n tro l group showed evidence o f  in f e c t io n  
w ith  in f lu e n z a  A, Only one re p o r te d  a s  a  case  o f  in f lu e n z a , th e  o th e r  
s ix  b e in g  d e te c te d  on exam ination  o f annual s e ra .  There was no 
o u tb reak  o f  in f lu e n z a  A in  th e  school and th e  v a cc in a ted  group were 
co n sid e red  u n lik e ly  to  have been in f e c te d  d u rin g  t h i s  p e r io d . The 
response  to  th e  t h i r d  dose o f A/HK/Vac was com plicated  by th e  o u tb reak  
o f in f lu e n z a  A which occu rred  s h o r t ly  a f t e r  v a c c in a tio n  in  1972. 
Assessm ent o f  response to  th e  t h i r d  dose o f  A/HK/Vac excludes th o se  
boys judged to  have been in f e c te d .  The rea so n s  f o r  th e  ex c lu s io n s  
a re  g iven  l a t e r ; (s e e  page 121).
The response  to  th e  f i r s t  dose o f  A/Eng/Vac was a sse sse d  i n  , 
boys b le d  b e fo re  th e  ou tb reak  o f  A /P o rt Chalmers in  1974* There 
were no in f e c t io n s  w ith  in f lu e n z a  A d e te c te d  d u rin g  t h i s  tim e .
Annual s e ra  from th e  1974 e n try  c o l le c te d  b e fo re  and one y e a r  
a f t e r  v a c c in a tio n  were used  to  a s s e s s  th e  resp o n se  to  th e  f i r s t  dose 
o f  A/PC/Vac. Two cases  o f  in f lu e n z a  A b o th  due to  a s t r a in  s im i la r  
to  A /S co tland  o ccu rred  du rin g  th e  y e a r .  One was in  an u n v acc in a ted  
boy and th e  o th e r  in  a boy o f  th e  s p e c ia l  c o h o rt who had n o t 
p re v io u s ly  been in fe c te d  w ith  in f lu e n z a  A. As a l l  boys b le d  in  1975 
had re c e iv e d  A/PC/Vac i t  was n o t p o s s ib le  to  d e te c t  apy s u b - c l in ic a l  
in f e c t io n s  which may have o ccu rred . S ince th e re  were only  two c a s e s ,
i t  seemed u n lik e ly  th a t  assessm ent o f vaccine  response would have been 
a f fe c te d . S e ro lo g ica l response in  th e  boys a sse ssed  was th e re fo re  
considered  to  have been due to  A/PC/Vac.
Response to  f i r s t  dose o f  v acc in e .
The s e ro lo g ic a l  resp o n se  to  vaccine  can he co n sid ered  in  two 
ways; th e  homotypic resp o n se  to  th e  v acc ine  s t r a in  and th e  p ro d u c tio n  
o f a n tib o d ie s  which c r o s s - r e a c t  w ith  fu tu re  a n tig e n ic  v a r ia n ts  -  th e  
h e te ro ty p ic  re sp o n se .
The homotypic response  to  th e  f i r s t  o f th e  th re e  v acc in e s  
i s  shown in  Table 17 F where th e  r e s u l t s  a re  r e l a t e d  to  p re -v a c c in a tio n  
an tibody  s t a t e .  The h e te ro ty p ic  response  to  th e  haem agg lu tin in  i s  
shown in  F ig u re  8 R where th e  r i s e  in  GMT o f  an tibody  to  th e  th re e  
an tig e n s  i s  p lo t te d .  Table 18 R shown th e  an tibody  s ta t e  o f  each 
v accine  group b e fo re  and a f t e r  v a c c in a tio n .
The d i s t r ib u t io n s  o f  HI and N-HI t i t r e s ,  b e fo re  and a f t e r  th e  
f i r s t  dose o f th e  th re e  v acc in es  a re  shown in  T ables 19 F and 20 R 
f o r  A/HK/Vac, 21 R and 22 R f o r  A/Eng/Vac and 23 R and 24  R f o r  A/PC/Vac 
F o r th e  assessm ent o f haem agg lu tin in  response  to  A/HK/Vac th e  boys 
were d iv id e d  in to  th o se  w ith  and th o se  w ith o u t p re -e x is t in g  H3 
a n tib o d ie s . There were on ly  seven boys w ith o u t p r e - e x is t in g  N2 
a n tib o d ie s  and i t  was th e re fo re  co n sid ered  n o t to  be r e le v a n t  to  
d iv id e  th e  group when th e  neuram inidase response  was a sse sse d . A ll  
seven boys made a response  to  th e  homotypic neuram in idase .
I n  th e  group who re c e iv e d  A/Sng/Vac th e re  were on ly  12 boys 
w ithou t H3 a n tib o d y , th re e  o f  whom f a i l e d  to  respond to  v a c c in e .
The response  in  th e  rem ain ing  n ine boys was s im ila r  to  th e  resp o n se  
in  th o se  w ith  H3 a n tib o d y . In  view o f t h i s  f a c t  and th e  sm all 
number in v o lv ed  th e  response  by t i t r e  was n o t s e p a ra te ly  a s s e s se d  
f o r  th e  n ine  boys. A ll o f those  who re c e iv e d  A/PC/Vac had some 
p r e - e x is t in g  H3 a n t ib o d ie s .  '
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F ig .8 R Response by HI titre to first dose  of vacc in e .
Antigen: 
Vaccine:
GMT
A
A /H K  A /E n g  A /P C A /H K  A /E n g  A  /P C A /H K  A /E n g  A /P C
A/HK/Vac A/Eng/Vac A/PC/Vac
TABLE 18 R.
A ntibody s ta t e  * B efore and a f t e r  f i r s t  dose o f  v a cc in e .
A ntibody A/tiK/Vac A/Eng/Vac A/PC/Vac
(71 boys) (78  boys) (95 boys)
B efore A f te r B efore A fte r B efore A f te r
O f/-1 44 4 12 3 0 0
1+1 6 24 5 1 0 0
1+2 8 11 10 0 0 0
1+3 0 1 1 0 0 0
2+1 5 8 3 1 5 0
2+2 5 6 10 0 5 0
2+3 0 0 1 0 1 2
3+1 2 7 0 0 8 6
3+2 1 5 8 8 25 8
3+3 0 0 7 3 5 2
4+1 0 1 2 10 1 0
4+2 0 4 5 26 14 29
4+3 0 , 0 14 : 26 31 48
see Table 11 M page 65
TABLE 19 ft.
Response to  f i r s t  dose o f A/faK/Vao.
D is t r ib u t io n  o f  HI t i t r e s *
B efore v a c c in a tio n .
H3 an tib o d y  HI t i t r e  No. w ith
b e fo re
A ntigen  v a c c in a tio n  <20 20-40 80-160 ^“320 an tib o d y  GMT
A/HK/68 44 0 0 0 0 <20
+ 0 18 9 0 27 46
A/Eng/7 2 - 44 0 0 0 0 <20
+ 14 1 0 13 <20
A/PC/73 - 44 0 0 0 0 <20
+ 24 3 0 0 3 <20
A fte r  v a c c in a tio n
A ntigen
H3 an tib o d y  
b e fo re  
v a c c in a tio n <20
HI
20-40
t i t r e
8O-16O £320
No. w ith  
an tibody GMT
A./HK/68 - 4 19 19 2 40 51
+ 0 6 20 1 27 81
A/Eng/72 - 34 9 1 0 10 <20
+ 6 17 3 1 21 30
A/PC/73 - 41 3 0 0 3 < 2 0
+ 13 11 3 0 14' < 20
Key: * -  = 44 boys w ith o u t H3 an tib o d y  b e fo re
v a c c in a tio n .
+ = 27 boys w ith  H3 an tib o d y  b e fo re  .
v a c c in a tio n .
TABLE 20 ft.
Response to  f i r s t  dose o f  A/HK/Vac.
(71 boys a s s e s s e d ) .
D is t r ib u t io n  o f  N-HI t i t r e s .
B efore v a c c in a tio n .
T i t r e  No. w ith
A ntigen <10 10-20 40-80 $160 an tibody GMT
215 7 19 45 0 64 26
X38 56 15 0 0 15 <10
X42 71 0 0 0 0 < 10
A fte r  v a c c in a tio n .
T i t r e  No. w ith
A ntigen <10 10-20 40-80 ^160 an tibody GMT
X15 0 13 55 3 71 42
X38 46 24 1 0 25 <10
X42 70 1 0 0 1 < 10
TABLE 21 R,
Response to  f i r s t  dose o f A/Eng/Vac. 
(78  boys a s s e s s e d ) . 
D is tr ib u t io n  o f HI t i t r e s .
B efore v a c c in a tio n .
T i t r e No. w ith
A ntigen <20 20-40 80-160 ^ 3 2 0 antibody- GMT
A/HK/6 8 12 37 27 2 66 45
A/Eng/72 28 41 9 0 50 23
A/PC/73 42 31 5 0 36 <20
A /Scot/7 4 58 18 -2 0 20 < 2 0
A fte r  v a c c in a tio n
T i t r e No. w ith
A ntigen < 2 0 20-40 80-160 ^320 an tibody GMT
A/HK/68 3 10 47. 75 116
A/Eng/7 2 4 27 40 7 74 71
a/ pc/7 3 5 39 31 3 73 52
A /Scot/7 4 14 46 18 0 64 29
TABLE 22 R.
Response to  f i r s t  dose o f A/Eng/Vac. 
(78  boys a sse sse d ) .
D is t r ib u t io n  o f N-HI t i t r e s .
B efore v a c c in a tio n .
T i t r e  No. w ith
A ntigen <10 10-20 40-80 5160 an tibody GMT
X15 3 24 45 6 75 36
X38 22 53 3 0 56 10
X42 55 19 4 0 23 < 1 0
A fte r  v a c c in a tio n
. T i t r e No. w ith
A ntigen < 1 0 10-20 40-80 S160 an tibody GMT
X15 2 20 49 7 76 39
X38 13 57 8 0 65 13
X42 49 24 5 0 29 < 1 0
TABLE 23 R.
Response to  f i r s t  dose o f A/PC/Vac.
(95 boys a s s e s s e d ) .
D is t r ib u t io n  o f  HI t i t r e s .
B efore v a c c in a tio n .
T i t r e  No. w ith
A ntigen < 2 0 20-40 8O-16O >320 an tibody GMT
A/HK/68 0 58 34 3 95 51
A/Eng/72 0 74 20 1 95 39
A/PC/73 11 63 20 1 84 32
A /Scot/74 50 37 8 0 45 17
A fte r  v a c c in a tio n
0
T i t r e No. w ith
A ntigen < 2 0 20-40 80-160 >320 an tibody GMT
A/HK/68 0 25 60 10 95 85
A/Eng/72 0 39 48 8 95 56
A/PC/73 2 34 52 7 93 58
A /Scot/74 14 52 25 4 81 37
TABLE 24 R.
Response to  f i r s t  dose o f  A/PC/Vac.
(95 "boys a s s e s s e d ) .
D is tr ib u t io n  o f  N-HI t i t r e s .
B efore v a c c in a tio n
T i t r e  No. w ith
A ntigen < 1 0 10-20 40-80 ^160 an tibody GMT
X15 0 12 75 8 95 55
X38 14 57 24 0 81 18
X42 59 26 10 0 36 <10
A f te r  v a c c in a tio n
A ntigen <  10 10-20
T i t r e
i 40-80 ^1 6 0
No. w ith  
an tibody GMT
X15 0 10 78 7 95 57
X38 6 62 27 0 89 21
X42 44 39 12 0 51 < 1 0
I t  was c le a r  from Table 18 R th a t  th e  th re e  v acc ine  groups 
d i f f e r e d  c o n s id e ra b ly  in  t h e i r  p a s t  experience  o f th e  H3N2 su b -ty p es . 
Many o f th e  1970 e n try  had no evidence o f n a tu r a l  in f e c t io n  w ith  
A/Hong Kong s t r a in s .  The 1973 en try  had much more n a tu r a l  experience  
o f H3N2 s t r a in s  and i t  seemed l ik e ly  t h a t  about a  q u a r te r  o f  them 
had been  in f e c te d  w ith  A/Eng/72. The 1974 e n try  had a l l  had some 
experience  o f  H3N2 s t r a i n s ,  much o f i t  p robab ly  by n a tu r a l  in f e c t io n  
w ith  s t r a in s  s im i la r  to  A/Eng/72 o r A /P ort Chalmers/73* (The reaso n s 
f o r  th e se  assum ptions were based  on th e  response to  n a tu r a l  in f e c t io n  
shown e a r l i e r ) .  '
I t  i s  ap p a ren t from Table 17 P th a t  p a s t  n a tu ra l  ex p erien ce  
in f lu e n c e d  th e  response  to  v acc in e . Those en co u n te rin g  th e  H3 
a n tig e n  f o r  th e  f i r s t  tim e g e n e ra lly  responded w e ll ,  over h a l f  
produced a n tib o d ie s  to  b o th  th e  haem agglu tin in  and neuram in idase  
a n tig e n s , a  few f a i l e d  to  respond . Those w ith  some ex p erien ce  o f th e  
H3 a n tig e n  b u t  no homotypic HI a n tib o d ie s  to  th e  v acc in e  s t r a i n  
g e n e ra lly  produced a response  to  th e  haem agg lu tin in  on ly . Those 
w ith  homotypic an tib o d y  responded l e a s t  w e ll -  about a t h i r d  f a i l i n g  
to  respond a t  a l l .
The h e te ro ty p ic  response was a lso  determ ined  by p re v io u s  n a tu r a l  
ex p erien ce . C onsidering  only  those  who made a response  to  A/HK/Vac, 
17 o f  th e  40 boys who had no H3 an tibody  in  t h e i r  p re -v a c c in a tio n  
s e ra  produced h e te ro ty p ic  an tibody  compared w ith  17 o f th e  19 boys 
w ith  H3 an tib o d y  i n i t i a l l y .  The boys g iven  A/Eng/Vac were b e t t e r  
n a tu r a l ly  endowed and a l l  b u t two o f th o se  who responded produced  
h e te ro ty p ic  an tib o d y . Of th e  boys g iven  A/PC/Vac a l l  b u t th re e  o f 
th o se  who responded made a h e te ro ty p ic  response  a s  judged by th e  
p ro d u c tio n  o f an tib o d y  re a c t in g  w ith  th e  A /S co t/74  h aem ag g lu tin in .
Response to  re v a c c in a tio n  w ith  th e  same s tra in ,
The response  to  th re e  doses o f  A/HK/Vac i s  compared in  Table 
25 R. I t  can be seen th a t  m ost boys ( 83$ ) responded to  th e  f i r s t  
dose b u t t h a t  th e  response  to  th e  second and t h i r d  dose was p oo r.
Only 30$ o f boys responded to  th e  second dose and 21$ to  th e  t h i r d  
dose. Those boys co n sid ered  to  have been in fe c te d  w ith  A/feng/7 2  a re  
excluded from th e  response  to  th e  t h i r d  dose.
Response to  A/feng/Vac in  boys p re v io u s ly  v a cc in a ted  w ith  A/HK/Vac.
Twenty s ix  boys who had re c e iv e d  a s in g le  dose o f  A/HK/Vac 
were re v a c c in a te d  w ith  A./Eng/Vac (se e  Table 14 R ). At th e  tim e o f  
re v a c c in a tio n  a l l  b u t f iv e  had HI an tibody  to  A/Eng/7 2 , e i t h e r  
n a tu ra l ly  a cq u ired  o r  produced in  response  to  t h e i r  f i r s t  dose o f  
v acc in e . The response  to  A/feng/Vac was s im ila r  to  t h a t  o f  boys who 
rece iv ed  t h i s  a s  t h e i r  f i r s t  v a cc in e . S ix teen  responded to  th e  
haem agglu tin in  o n ly , two to  b o th  haem agg lu tin in  and n eu ram in id ase , 
and e ig h t f a i l e d  to  respond  (se e  Table 17 R response  to  A/feng/Vac 
in  th o se  w ith  homotypic a n tib o d y ). The change in  t i t r e s  to  th e  
haem agglu tin in  and n eu ram in id ase , shown in  T ables 26 R and 27 R was 
a lso  o f a s im ila r  o rd e r  to  th o se  re c e iv in g  t h e i r  f i r s t  dose o f 
vaccine (se e  T ab les 21 R and 22 R ). The t i t r e s  to  A/HK/68 and X15 
however were h ig h e r  b e fo re  and a f t e r  v a c c in a tio n  in  th e  26 b o y s , 
presum ably due to  th e  a d d i t io n a l  a n tig e n ic  s tim u lu s  w ith  th e  A/HK/Vac.
TABLE 25 R.
Response to  th re e  doses o f  A/feK/Vao.
1 s t  dose (1970) 2nd dose ( 1971) 3 rd  dose ( 1972)
No response 12 50 37
*
Response to  H only 31 16 8
Response to  N only 1 4 0
Response to  H and N 27 1 2
T o ta l 71 71 47
Key * H = response  to  h aem agg lu tin in  only
N = response  to  neuram inidase  only
H-fN = response  to  haem agg lu tin in  and neu ram in idase .
TABLE 26 R.
Response to  A/Eng/Vac a f t e r  one dose o f  A/HK/Vac.
(26 boys a s s e s s e d ) .
D is t r ib u t io n  o f  HI t i t r e s . 
B efore  v a c c in a tio n
T i t r e  No. w ith
A ntigen <20 20-40 80-160 >320 an tibody GMT
A/HK/68 3 3 17 3 23 80
A/Eng/72 5 17 4 0 21 29
A/PC/73 11 13 2 0 15 20
A /Scot/74 21 5 0 0 5 20
A f te r  v a c c in a tio n -
T i t r e No. w ith
A ntigen <  20 20-40 80-160 ^ 320 an tib o d y GMT
A/HK/68 0 2 15 9 26 163
A/Eng/72 0 12 12 2 26 73
A/PC/73 2 13 10 1 24 2*4
A /Scot/74 13 11 1 1 13 21
TABLE 27 R-
Response to  A/Eng/Vac a f t e r  one dose o f  A/faK/Vac.
(26  boys a sse ssed ) 
D is tr ib u t io n  o f  N-HI t i t r e s .
B efore  v a c c in a tio n .
T i t r e  No. w ith
A ntigen < 1 0 10-20 4 0 -8 0 ^160 an tibody GMT
X15 0 0 26 0 26 64
X38 6 17 3 0 20 12
242 20 5 1 0 6 <10
A fte r  v a c c in a tio n
T i t r e  No. w ith
A ntigen < 1 0 10-20 40-80 > 1 6 0 antibody GMT
X15 0 0 26 0 26 65
X38 5 18 3 0 21 13
X42 20 5 1 0 6 < 1 0
E xclu sio n  from th e  response  to  th e  t h i r d  dose o f  A/HK/Vac.
An ou tb reak  o f  in f lu e n z a  A caused by a  s t r a in  s im ila r  to  
A/England/V2/72 s t a r t e d  s ix  weeks a f t e r  v a c c in a tio n  w ith  th e  th i r d  
dose o f A/HK/Vac and te n  days b e fo re  th e  end o f term# A number o f  
boys in  b o th  th e  v a c c in a te d  and th e  c o n tro l groups re p o r te d  t h a t  th ey  
had an in f lu e n z a - l ik e  i l l n e s s  in  th e  f i r s t  week o f  th e  h o lid a y . I n  
th e  s p e c ia l  co hort co n firm a tio n  t h a t  t h i s  i l l n e s s  was in f lu e n z a  was 
o b ta in e d  in  15 o f 16 boys in  th e  c o n tro l group. They showed a 
s ig n i f ic a n t  r i s e  in  a n tib o d ie s  betw een O ctober 1972 and November 1973» 
The an tibody  response  in  th e  59 n a tu r a l ly  in fe c te d  boys i n  th e  
c o n tro l  g roups, a sse sse d  in  November 1973 has been p re v io u s ly  shown 
(T able 6 R page 79) and can be summarised a s  fo llo w s:
HI a n tib o d ie s  -  A ll had an tib o d y  re a c t in g  w ith  th e  homotypic 
s t r a i n  (A /Eng/72 ) and w ith  A/PC/73 > 46 boys 
had an tibody  re a c t in g  w ith  A /Scot/74«
N-HI a n tib o d ie s  -  Seven boys f a i l e d . t o  produce homotypic an tib o d y  
(X38) and f u r th e r  fo u r  boys d id  n o t produce 
an tibody  re a c t in g  w ith  th e  A/PC neuram inidase (X42). 
A ll th e  r e s t  produced b o th  homotypic and 
h e te ro ty p ic  a n tib o d ie s  (4 +3 )*
Follow ing  th e  f i r s t  dose o f  A/HK/Vac (T able 18 R) only  f iv e  o f  th e  71 
v a c c in a te d  boys produced an tibody  r e a c t in g  w ith  th e  A /S co t/74  
haem agg lu tin in  and one o th e r  produced an tib o d y  re a c t in g  w ith  th e  A/PC 
neuram in idase . None produced an tib o d y  to  b o th  A /S co t/74  h aem ag g lu tin in  
and X4? (4+3)*
A f te r  th e  second dose th e re  was no f u r th e r  p ro d u c tio n  o f  th e se  
h e te ro ty p ic  a n tib o d ie s . I t  was d ecided  th a t  th o se  boys in  th e  A/HK/Vac 
group who, du rin g  th e  y e a r  1972-1973, produced an tibody  b o th  to  th e  A/PC
neuram inidase and to  th e  A /Scot/74 haem agg lu tin in  (4+3) must he 
regarded  as  hav ing  been  in fe c te d .  T his in c lu d e d  th e  fo u r  confirm ed 
cases which occu rred  d u rin g  th e  term  and 14 o f  th e  15 boys who re p o r te d  
an in f lu e n z a - l ik e  i l l n e s s  during  th e  h o lid a y . I t  a lso  in c lu d e d  s ix  
boys who had no symptoms o f in f lu e n z a . T h is p robab ly  u n d e re s tim a te s  
th e  number o f  in f e c te d  s in c e , a s  has a lre a d y  been  shown, n o t a l l  o f  
th e  boys w ith  confirm ed in fe c t io n s  produced such a b ro ad  h e te ro ty p ic  
resp o n se . In  f a c t  f iv e  a d d it io n a l  boys m ight have been  reg a rd ed  as 
in fe c te d  had th e  c r i t e r i a  been made le s s  se v e re ; fo u r  who had no 
symptoms developed  HI a n tib o d ie s  to  A /S co t/74  b u t no an tib o d y  to  th e  
A/PC neuram inidase (4+2) and one, who was i l l  i n  th e  h o lid a y , 
developed a n tib o d ie s  to  th e  haem agglu tin in  and neuram inidase  o f 
A/PC/73 b u t  no an tib o d y  to  A /Sco t/74  (3+3) • These f iv e  boys have 
n e v e r th e le s s  been  reg ard ed  in  th e  e s tim a te  o f  v acc in e  response  and 
in  th e  subsequent assessm ent o f th e  e f f e c t  o f vacc ine  a s  making a 
response to  th e  t h i r d  dose o f A/HK/Vac.
P ro te c t iv e  e f f e c t  o f  v a c c in e .
A/HK/Vac a g a in s t ch a llen g e  w ith  A /Eng/42/72.
The p ro te c t iv e  e f f e c t  o f  A/HK/Vac was i n i t i a l l y  a sse ssed  by 
Hoskins e t  a l , (1973) on cases  seen and confirm ed during  th e  autumn 
term  o f  1972 in  vacc in e  and c o n tro l groups (see  Table 28 R ). This 
e s tim a te  may have been d i s to r te d  by th e  f a c t  th a t  th e  o u tb reak  s t a r t e d  
te n  days b e fo re  th e  end o f  te rm , th e  ca se s  seen in  term  b e in g  on ly  a 
p ro p o rtio n  o f  th e  t o t a l .  An a ttem p t was th e re fo re  made to  e s ta b l i s h  
i f  cases o c cu rrin g  a f t e r  th e  end o f term  would have s u b s ta n t ia l ly  
a l te r e d  th e  e s tim a te  o f  p ro te c t iv e  e f f e c t  o f  A/faK/Vac. D uring th e  
f i r s t  week o f th e  C hristm as h o lid a y  112 boys re p o rte d  an in f lu e n z a ­
l ik e  i l l n e s s .  Of th e se  112 boys 31 o f  th e  s p e c ia l  coho rt were 
in v e s t ig a te d ,  14/15 in  th e  A/HK/Vac group and 15/16 in  th e  c o n tro l  
group were subseq u en tly  shown to  have been in fe c te d .  These 31 boys 
were n o t a r e p re s e n ta t iv e  sample o f  th e  whole sch o o l, having  as a  
group, co n sid e rab ly  l e s s  i n i t i a l  ex p erien ce  o f A/faong Kong (a s  judged  
by t h e i r  e n tiy  s e ra )  th an  th e  boys n o t in v e s t ig a te d .  The boys n o t 
in v e s t ig a te d  a f t e r  th e  o u tb reak  were th e r e f o r e  considered  by i n i t i a l  
an tibody  s t a t e  and vacc in e  group. I f ,  as seemed lo g ic a l ,  th e  a t ta c k  
r a te  in  each ca teg o ry  o f th e  boys n o t in v e s t ig a te d  was s im i la r  to  
th a t  in  each ca teg o ry  o f  th o se  in v e s t ig a te d  a f u r th e r  s ix  boys i n  th e  
A/iK/Vac group and 24  in  th e  c o n tro l group re p re se n te d  cases in  th e  
h o lid a y . When th e se  presum ptive t o t a l s  were added to  the  confirm ed 
cases  a  p ro te c tio n  r a t e  o f f o r  A/HK/Vac was o b ta ined  (se e  Table 
28 R ).
Two groups o f  boys on whom more com plete in fo rm atio n  was a v a i la b le  
were considered  in  d e t a i l .  These were boys o f  th e  s p e c ia l  co h o rt 
and th e  1972 e n t iy  who were b le d  b e fo re  and a f t e r  th e  1972 o u tb reak
i r r e s p e c t iv e  o f  w hether o r n o t th ey  had symptoms o f  in f lu e n z a .  The 
two groups were an alysed  s e p a ra te ly  because i t  w i l l  be seen  from .th e ir  
e n try  s e ra  (T able 29 R) th a t  t h e i r  p rev io u s  experience  o f  A/Kong Kong 
s t r a in s  d i f f e r e d  co n s id e ra b ly . The cases  and s u b - c l in ic a l  in fe c t io n s  
and th e  p ro te c t iv e  e f f e c t  o f  vaccine  in  th e  s p e c ia l  co h o rt a re  shown 
in  Table 30 R where boys a re  compared by t h e i r  p rev io u s  n a tu r a l  
ex p erien ce  o f H3N2 s t r a in s .  T h is ta k e s  in to  account known n a tu r a l  
in f e c t io n s  in  seven boys o f th e  c o n tro l group betw een 1970 and O ctober 
1972. A s im ila r  a n a ly s is  f o r  th e  1972 e n try  i s  shown i n  T able 31 &•
Of th e  boys w ith  no p rev io u s  n a tu r a l  experience  in  th e  c o n tro l  groups 
25out o f  29 (86%) o f  th o se  in  th e  s p e c ia l  co h o rt and 13 o u t o f 14 
(93/°) ° f  1972 e n try  were in fe c te d .  Thus th e  c h a llen g e  r a t e  was 
h igh  and s im i la r  in  b o th  groups.
The n a tu r a l  experience  o f th e  two c o h o rts  was m arkedly d i f f e r e n t .  
I t  was shown (Table 29 R) th a t  th e  boys o f th e  s p e c ia l  co h o rt had 
much l e s s  n a tu r a l  experience  o f H3 s t r a in s  th an  th e  1972 e n try .  The 
an tibody  s t a t e  o f  th e  s p e c ia l  co h o rt on e n try  to  th e  t r i a l  r e f l e c te d  
t h e i r  ex p erien ce  was o f e a r ly  (p re  1970) Hong Kong s t r a i n s .  I n  
c o n tr a s t  th e  1972 e n try  had a h ig h e r p ro p o r tio n  o f boys w ith  an tibody  
p a t te r n s  su g g es tin g  in fe c t io n  w ith  l a t e r  s t r a i n s .
The h ig h e s t  in f e c t io n  r a t e s  and low est p ro te c t io n  r a t e s  in  
v a c c in a te d  boys were in  those  w ith  no n a tu r a l  A/Hong Kong e x p e rien c e . 
C onversely  th e  lo w est in fe c t io n  r a t e s  and h ig h e s t p ro te c t io n  r a t e s  
were in  th o se  boys w ith  n a tu ra l  A/Hong Kong ex p erien ce . There were 
no cases  o f  in f lu e n z a  in  boys w ith  n a tu ra l  H3 ex p erien ce  who responded 
to  v a c c in e .
I t  can be seen  from Table 30 R th a t  th e  c o n tro l  group o f  th e  
s p e c ia l  co h o rt had a g re a te r  p ro p o r tio n  o f boys (3 5 /6 4 ) w ith  p rev io u s
A./fiong Kong experience than the A/HK/Vac group (28/71 )• This was 
tru e  on en try  to  the  t r i a l  and th is  d isp a r i ty  was fu r th e r  increased  
by seven in fe c tio n s  occurring in  the co n tro l group between 1970 and 
1972. In  the 1972 en try  i t  can be seen from Table 31 R th a t  the  two 
groups were s im ila r  in  th e i r  n a tu ra l experience of A/Hong Kong. The 
p ro te c tiv e  e f fe c t  of A/HK/Vac in  the  sp ec ia l cohort and the 1972 
en try  i s  compared w ith the  o th er estim ates of p ro tec tio n  in  Table 
28 R. These analyses show the d if fe re n t r e s u l ts  th a t  can be obtained 
when estim ating  p ro te c tiv e  e f fe c t  of vaccine in  groups whose n a tu ra l 
experience i s  not the same and the n ecess ity  of to ta l  assessment of 
vaccine and con tro l groups.
A ll "boys 
(ca se s  in  
term )
A ll boys 
t o t a l
presum ptive
cases
1972 e n try
S p ec ia l
cohort
TABLE 28 R.
P r o te c t iv e  e f f e c t  o f A/HK/Vac i n  1972 
on whole school and sub-groups#
Group T o ta l in  T o ta l cases  P ro te c t io n
group from symptoms
A/HK/Vac 
( 1 , 2 o r  3 doses) 382,. 11 7C$
C o n tro l 340 32
A/HK/V&c
( 1 , 2 o r  3 doses) ^  31
C o n tro l 340 71
A/HK/Vac 
( l  dose)
A/HK/V&c 
(3  doses)
45 4  62$
C on tro l 44 10
71 18 28^
C ontro l 23
TABLE 29 R.
A ntibody s ta te *  in  e n try  s e r a . S p e c ia l co h o rt and 1972 e n try #
A ntibody S p e c ia l co h o rt 1972 e n try
(O ct. 1970) ' (O ct. 1972)
0+/-1 80 (5955) 26 ( 2955)
1+1 16 6
1+2 11 13
1+3 ,0  0
2+1 10 6
2+2 6 14
2+3 0 3
3+1 7 4
3+2 5 7
■3+3 0 9
4+1 0 0
4+2 0 0
4+3 0 3
T o ta l 135 91
* see  Table 11 M page 65
TABLE 30 R.
P r o te c t iv e  e f f e o t  o f  A/HK/Vac in  1972 o u tb reak *
S p e c ia l c o h o rt.
P rev ious 
n a tu ra l  
experience 
o f  H3N2
None
C on tro l group A/faK/Vac group
T o ta l S NS
29 15 10
E arly  A/HK 35 8 7
s t r a in s
T o ta ls ft. 23 17
T o ta l S NS
43 13 6
28 3*  0
71 18  6
P r o te c t io n  from :
Symptoms In f e c t io n
32#
53#
43#
75#
45#
Key: S = w ith  symptoms o f  in f lu e n z a ,
NS = w ith o u t symptoms o f  in f lu e n z a . 
* = d id  n o t respond  to  v a cc in e .
TABLE 31 R.
P ro te c t iv e  e f f e c t  o f A/faK/Vac in  1972 o u tb reak .
1972 e n try .
P rev ious 
n a tu ra l  . 
experience  
o f  H3N2
None
C on tro l group A/HK/Vac group P ro te c tio n  from:
12f- 1 0
Symptoms In f e c t io n
T o ta l S NS T o ta l S NS
12 4 0 52$
E arly
A/HK s t r a in s  30 0 6 33 0 1 85$
T o ta ls 44 10 9 45 4  1 62$ 7*t$
Key: S = w ith  symptoms o f in f lu e n z a ,
NS = w ithou t symptoms o f  in f lu e n z a .
P ro te c t iv e  e f f e c t  o f A/Eng/Vac a g a in s t  ch a llen g e  w ith  A /P o rt Chalmers.
I t  was n o t p o s s ib le  to  a s s e s s  th e  p ro te c tio n  r a t e  o f  A/Eng/Vac 
as th e re  was no matched c o n tro l group f o r  th e  v a cc in a ted  hoys. A 
comparison was however made o f  th e  case r a t e  in  hoys o f d i f f e r e n t  
vaccine  experience  (Table 32 R ). I t  can he seen th a t  th e  low est 
a t ta c k  r a t e  was in  th e  hoys g iven  A/Eng/Vac. I t  has however been 
shown p re v io u s ly  th a t  th e  hoys who re c e iv e d  t h i s  vaccine  (1972 and 
1973 e n t r ie s )  had a much w ider n a tu ra l  H3 ex p erien ce  th an  th e  
p rev io u s  e n t r ie s  (see  F ig u re  5 R page 91)• I t  can a lso  he seen th a t  
th e  a t ta c k  r a te  in  th e  hoys g iven  A/HK/Vac (1970-1971 e n try )  was 
h ig h e r th an  in  th e  c o n tro l group. This was la rg e ly  accounted  f o r  
by h ig h e r  in f e c t io n  r a t e  in  th e  c o n tro l group du rin g  th e  A/Eng/72 
ou tb reak  which c o n fe rred  com plete p ro te c t io n  a g a in s t  A/PC/73 
ch a llen g e  (see  Table 12 R page 93)•
TABLE 32 R.
D is t r ib u t io n  o f  cases  in  A /P ort Chalmers o u tb reak  (1 9 7 4 )«
Year of entry Vaccine group Year of Total in Cases
to trial vaccination group
1970-71 C on tro l -  226 18
1970-71 A/HK/Vac 1970-72 22*4 2*4
1972-73 A/Eng/Vac 1973 210 10
C irc u la tin g  an tib o d y  as an index  o f p ro te c tio n  a g a in s t  c h a lle n g e .
The r o le  o f  c i r c u la t in g  a n tib o d ie s  to  th e  su rface  a n tig e n s  and 
t h e i r  va lue  in  p re d ic t in g  th e  outcome o f n a tu ra l  ch allen g e  was 
s tu d ie d  f o r  th e  two o u tb reak s  o f  in f lu e n z a .
During th e  A/Eng/4 2 /7 2  ou tb reak  two groups o f boys were b le d  
b e fo re  and a f t e r  th e  o u tb reak ; th e  s p e c ia l  co ho rt and th e  1972 
e n try . I t  h as  been  shown th a t  t h e i r  f a t e  in  t h i s  o u tb reak  was 
r e la te d  to  p re v io u s  n a tu r a l  in f e c t io n  and v a c c in a tio n  w ith  A/Hong. Kong 
s t r a in s .
In  Table 33 R th e  groups a re  an a ly sed  by t h e i r  an tibody  s t a t e  
in  r e l a t io n  to  th e  in f e c t in g  s t r a in  and w hether th e  an tib o d y  was 
n a tu r a l ly  a c q u ire d , w holly vaccine  induced , o r n a tu r a l  b o o s ted  by 
v a c c in a tio n . I t  can be seen th a t  th e re  was a h igh  in f e c t io n  r a t e  
(40 /49 ) in  th o se  boys w ith  no a n tib o d ie s  to  A/Hong Kong s t r a i n s .
The in f e c t io n  r a t e  (25 /38 ) in  th o se  w ith  a n tib o d ie s  to  A/HK/68 only  
was alm ost a s  h ig h  as  in  those  w ith  no an tib o d y . I t  was s im i la r  in  
v acc ine  and c o n tro l  groups. Homotypic (A/Eng/72) HI an tib o d y  o n ly , 
w hether n a tu r a l ly  acq u ired  o r  v acc in e  induced , was a good b u t  n o t . 
a b so lu te  p r e d ic to r  o f immunity to  c h a llen g e ; 8 /40  were in f e c te d .
None o f th e  boys w ith  n a tu r a l ly  acq u ired  homotypic neuram in idase 
an tibody  had symptoms o f  in f lu e n z a . This was n o t t r u e  o f v acc in e  
induced neuram in idase  an tibody  which was n o t r e la te d  e i t h e r  to  
p ro te c t io n  from  in f e c t io n  o r to  symptoms. The b e s t  p r e d ic t io n  o f 
immunity to  ch a llen g e  was o b ta in ed  from th e  combined an tib o d y  s t a t e  
o f boys w ith  homotypic a n tib o d ie s  b o th  to  haem agg lu tin in  and 
neuram in idase . Only 4 /75  boys in  t h i s  ca teg o ry  were in f e c te d  and 
only  one had symptoms o f in f lu e n z a . The a s s o c ia t io n  betw een hom otypic 
an tibody  and in f e c t io n  w ith  A /Eng/42/72 i s  summarised in  Table 34 R*
TABLE 33 R#
A sso c ia tio n  “between an tibody  and in f e c t io n  w ith  A /Eng/42/72#
Antibodies Control groups
present
A /H K/Vao group
Vaccine Vaccine +
antibody only natural antibody
Total S NS Total S NS Total S NS
None 43 25 1 3 6 2 0
A /H K /68 only 11 4 4 23 10 4 4 2 1
Homotypic 
H only
Homotypic* 
N only
*
Homotypic
H+N
15 4  2 10 2 0 15 0 0
12 0 5 6 4 1 4  1 0
27 0 2 10 1 1 38 0 0
Total 108 33 26 55 1 9 6 61 3 1
Key:
** S
S = 
NS =
A/Eng/72 haemagglutinin (H) and neuraminidase (n )# 
Vaccine induced neuraminidase antibodies only#
With symptoms of influenza#
Without symptoms of influenza#
TABLE 34 R,
A sso c ia tio n  betw een homotypic an tib o d y  and
in f e c t io n  w ith  A /Eng/42/72#
A ntibod ies C on tro l groups
T o ta l  S NS
A/HK/Vac group 
Vaccine V accine +
an tibody  on ly  n a tu r a l  an tib o d y
T o ta l S NS T o ta l  S NS
Not homotypic 64 29 17 29 12 4 4 2 1
Homotypic H 42 4  4  20 3 1 53 0 0
Homotypic N 39 0 7 16 5 1  42 1 0
Key:
** -  
S = 
NS =
w ith  o r  w ithou t homotypic neuram inidase# 
w ith  o r  w ithou t homotypic haem agglutinin« 
w ith  symptoms o f  in flu en za#  
w ith o u t symptoms of in flu en za#
F or th e  A /P ort Chalmers o u tb reak  f u l l  assessm ent was p o s s ib le  
only  on 115 boys o f th e  s p e c ia l  c o h o rt who were s t i l l  in  th e  sch o o l. 
R esu lts  f o r  th e  e f f e c t  o f  a n tib o d ie s  to  th e  haem agglu tin in  and 
neuram inidase a re  shown in  Table 35 R* Many o f th e  boys had been 
in fe c te d  in  th e  A /Eng/42/72 o u tb reak  and s in ce  i t  has been p re v io u s ly  
shown th a t  in f e c t io n  w ith  A/Eng/4 2 /7 2  c o n fe rre d  complete p ro te c t io n  
a g a in s t A /P ort Chalmers c h a lle n g e , th e se  boys a re  shown as  a  s e p a ra te  
ca teg o ry . I t  can be seen from Table 35 R th a t  u n lik e  th e  A/Eng/V2/72 
o u tb reak , an tib o d y  to  th e  homotypic haem agglu tin in  a lone gave an 
a ccu ra te  p re d ic t io n  o f  th e  outcome o f  ch a llen g e  on ly  i f  a cq u ired  from 
n a tu ra l  in f e c t io n .  V accine induced  homotypic (A/PC/73) an tib o d y  was 
n o t r e la te d  to  p ro te c t io n  from  in f e c t io n  o r symptoms. I t  was however, 
produced as a  r e s u l t  o f v a c c in a tio n  w ith  A/HK/Vac. I t  was n o t 
p o s s ib le  to  judge th e  e f f e c t  o f  a n tib o d ie s  to  th e  neuram inidase as 
only th re e  bo y s, o th e r  th a n  th o se  in f e c te d  in  1972 , had a n tib o d ie s  to  
th e  homotypic neu ram in idase .
TABLE 35 R.
A sso c ia tio n  between an tibody  and in f e c t io n  w ith  A /P ort Chalm ers.
A n tib o d ies
p re se n t
None
Not homotypic
Homotypic* H only  
*
Homotypic N only  
*
Homotypic H + N
Homotypic H + N 
from  A/Eng/4 2 /7 2  
in f e c t io n
T o ta l
C o n tro l group 
T o ta l S NS
4  2 1
12 3 4
10 0 0
1 0 1
1 0 0
28 0 0
56 5 6
A/HK/Vac group 
T o ta l S NS
17 7 5
21 7 5
0 0 0
1 0  0 
20 0 0
59 14 10
Key: S = w ith  symptoms o f  in f lu e n z a
NS = w ithou t symptoms o f  in f lu e n z a
* = A/PC/73 haem agg lu tin in  (H) and neuram inidase
Influenza A infections in the special cohort.
A fte r  th e  A /Port Chalmers ou tbreak  in  1974 115 boys o f th e  
sp e c ia l co h o rt, 59 in  th e  A/HK/Vac group and 56 in  th e  c o n tro l 
group were s t i l l  in  th e  schoo l. These boys had been con tinuously  
m onitored during  th e  study p e rio d . The in c id en ce  o f in fe c t io n s  
over t h i s  fo u r  y e a r  p e r io d  a re  shown in  T ables 36 R and 37 R# Boys 
o f th e  c o n tro l group who showed a fo u r - fo ld  o r  g re a te r  r i s e  in  t i t r e  
between two su ccessiv e  annual s e ra  were reg arded  as having  been 
in fe c te d  during  the  y e a r . The c r i t e r i a  f o r  co n sid e rin g  th a t  boys 
in  th e  vaccine group had been in fe c te d  have been given e a r l i e r  (page 121 
I t  i s  o f  i n t e r e s t  to  n o te  th e  sm all numbers o f boys who escaped 
in f e c t io n  and th e  s im i la r i ty  between th e  number o f cases o f in f lu e n z a  
th a t  occurred  in  th e  two groups..
table 36R Total exper ience of the  spec i a l  coho r t .
YEAR
1970-71 1971-72  1972-73 1973-74
cont rol
group
56
Nix 56
Nix 16
N | x7
infected x9
NIX49*
infected x 33—  Nlx33
in f ec t e dx ?  ■ N 1x7;
NI x 5
infectedx2
A/HK/Vac 
group N lx59
59
NIX3S
infectedx 24
infectedx 20
N I = n o t  infected
TABLE 37 R.
I n f e c t io n s  w ith  symptoms and s u b - c l in ic a l  in f e c t io n s
in  sp e c ia l  c o h o rt*
C ontro l group 
(56  boys)
S NS
In fe c te d  1971-72 1 6 -
In fe c te d  1972 Dec. 21 12 15 5
In fe c te d  1974- 5 6 13 11
T o ta l in f e c t io n s  27 24- 28 16
Never in f e c te d  7 15
A/toC/Vac group 
(59  boys)
S NS
Key: S = w ith  symptoms o f  in f lu e n z a .
NS = w ith o u t symptoms o f  in f lu e n z a .
* = in c lu d e s  one boy in f e c te d  i n  1971-72
Discussion
O rg an isa tio n  o f th e  t r i a l .
The aim o f th e  t r i a l  was to  a s s e s s  th e  e f f ic a c y  o f  k i l l e d  
in f lu e n z a  v acc in es  a g a in s t  n a tu r a l  ch a llen g e . There were how ever, 
c ircum stances which combined to  make t h i s  a unique o p p o rtu n ity  f o r  
th e  study of in f lu e n z a  A in fe c t io n  and th e  e f f e c t  o f v a cc in e . These 
were:-
1• The c o n s t i tu t io n  o f  th e  school ensured  a s ta b le  and alm ost 
t o t a l l y  c lo sed  community o f  about 800 boys from 11-18  y e a rs  o f  age; 
very  few boys l e f t  th e  school b e fo re  t h e i r  a l l o t t e d  tim e .
2. W ithin th e  schoo l grounds th e re  was an in f irm a ry  w ith  
r e s id e n t  m edical o f f i c e r  and n u rs in g  s t a f f .  A ll  boys who became i l l  
du ring  th e  term  re p o r te d  to  th e  m edical o f f ic e r  and were k e p t under 
o b se rv a tio n  in  th e  in f irm a ry  f o r  th e  d u ra tio n  o f t h e i r  i l l n e s s .
3* The school m edical o f f i c e r ,  an experienced  g en e ra l 
p r a c t i t io n e r  had a p e rso n a l i n t e r e s t  in  th e  epidem iology o f in f e c t io n s  
in  t h i s  type  o f  sch o o l.
4* There was an e x c e p tio n a lly  good r e la t io n s h ip  b o th  on a 
s c i e n t i f i c  and p e rso n a l le v e l  between th e  la b o ra to ry  and th e  C hris t*  s 
H o sp ita l s t a f f  which extended  beyond th e  vacc ine  t r i a l .  T h is 
ensured  th a t  specimens c o l le c te d  from sp o rad ic  cases and e s p e c ia l ly  
during  ou tb reaks reached  th e  la b o ra to ry  w ith  a minimum o f d e la y .
3* The vacc in e  group were a l lo c a te d  on a random b a s is  w ith  an 
age matched c o n tro l  group, who re c e iv e d  in f lu e n z a  B v a cc in e . N e i th e r
the  la b o ra to ry  n o r th e  school knew th e  i d e n t i ty  o f th e  v acc in e  g ro u p s.
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About 90tfo o f th e  boys were in c lu d ed  in  th e  t r i a l .
6 . At th e  s t a r t  o f  th e  t r i a l  th e re  were many boys in  v acc in e  
and c o n tro l groups who had never been in fe c te d  w ith  th e  "new" A/Hong . 
Kong v i r u s .  The e f f e c t  o f  v a c c in a tio n  and n a tu ra l  ch allen g e  in  a
non-immune p o p u la tio n  cou ld  th e re fo re  he s tu d ie d .
7* The long  term  assessm ent and t o t a l  s u rv e il la n c e  ensured  
th a t  when an ou tb reak  o f in f lu e n z a  o ccu rred  th e  e f f e c t  o f v acc ine  
could  be f u l l y  e v a lu a te d . A lthough th e  boys were sep a ra ted  to  some 
e x te n t by age th e re  was c o n sid e rab le  m ixing o f  age groups in  th e  
many a r t i s t i c ,  s o c ia l  and s p o r tin g  a c t i v i t i e s  o f  th e  schoo l. .
8 . An acc u ra te  e s tim a te  was made o f  th e  n a tu ra l  experience  o f  
in f lu e n z a  A in  th e  p o p u la tio n  and th e  p re -v a c c in a tio n  immune s ta tu s  o f 
each in d iv id u a l  boy was e s ta b l is h e d .
9 . The s p e c ia l  co h o rt o f about 14-0 boys were s e le c te d  and th e y  
rem ained in  th e  school f o r  a t  l e a s t  f iv e  y e a r s .  They p ro v id ed  an 
index  o f  in f e c t io n  in  th e  sch o o l,' an e s tim a te  o f  s u b - c l in ic a l  
in f e c t io n s  o c cu rrin g  d u ring  th e  t r i a l  p e r io d  and enab led  th e  
p e rs is te n c e  o f  an tibody  to  be s tu d ie d .
The l a s t  f a c to r  was n o t p lan n ed , t h i s  was th e  behav iou r o f  th e  
in f lu e n z a  A v iru s  i t s e l f .  There were th r e e  ou tb reak s  o f in f lu e n z a  A 
from th e  s t a r t  o f  th e  t r i a l  u n t i l  March 1976 each caused by a 
d i f f e r e n t  a n tig e n ic  v a r ia n t  o f  A/Hong Kong and th e  o p p o r tu n i t ie s  f o r  
th e  s tudy  o f in f lu e n z a  A exceeded th o se  expec ted .
Development o f  te c h n ic a l  methods.
Prom th e  e a r l i e s t  days o f  th e  t r i a l  i t  was apparen t t h a t  th e re  
would be a la rg e  number o f  s e ra  to  be t e s t e d  f o r  a n tib o d ie s  to  th e  
su rfa ce  an tig en s  i f  th e  f u l l e s t  use was to  be made o f  th e  m a te r ia l  
a v a i la b le .  By th e  end o f 1975 th e re  were over 2,000 se ra  to  be 
t e s t e d .  The p ro g re s s iv e  d r i f t s  in  th e  haem agg lu tin in  and neuram in idase  
o f  th e  A/flong Kong s t r a in s  which o ccu rred  in c re a se d  th e  number o f 
t i t r a t i o n s  to  be c a r r ie d  o u t. There were fo u r  d i s t i n c t  changes in  
th e  haem agg lu tin in  and th re e  in  th e  neuram in idase  which were r e le v a n t  
to  th e  t r i a l .  I t  was a lso  p robab le  t h a t  m inor r i s e s  o r  f a l l s  in
an tibody  le v e l s  would, have to  be a c c u ra te ly  de term ined , e s p e c ia l ly  
a f t e r  v a c c in a tio n  o r  f o r  e s tim a te s  o f th e  p e rs is te n c e  o f  an tib o d y .
The s ta n d a rd is a t io n  o f th e  haem agglu tin in  in h ib i t i o n  (H i)
techn ique  showed th a t  by e l im in a tin g , as f a r  a s  p o s s ib le ,  th e
sources o f e r r o r  in  each p a r t  o f  th e  tech n iq u e  a h ig h  degree o f
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r e p r o d u c ib i l i ty  could  be ach iev ed . The use  o f  0 .025 cm u n i t  
volumes combined w ith  th e  use o f th e  " T i te r te k ” a p p ara tu s  made i t  
p r a c t i c a l  to  t i t r a t e  150 s e ra  p e r day a g a in s t  th e  fo u r  haem agg lu tin in  
a n tig e n s .
I t  has been  suggested  (S lep u sk in  e t  a l . 1971) t h a t  th e  p resence  
o f  low t i t r e  an tib o d y  to  A/HK/68 may r e s u l t  from in f e c t io n  w ith  
A sian (H2N2) s t r a i n s .  M ille r  e t  a l ' ( l 973) d is s c u s s in g  HE r e s u l t s  
from R.A .F. p e rso n e l s ta te d  t h a t  ’’low t i t r e s  o f  HI an tib o d y  were 
a lm ost c e r ta in ly  d ir e c te d ,  p robab ly  by th e  mechanism o f  s t e r i c  
h in d ra n c e , a g a in s t  th e  neuram inidase component o f th e  v a r ia n t  which 
i s  s im ila r  to  t h a t  o f p re v io u s ly  c i r c u la t in g  v a r ia n ts  and n o t a g a in s t  
th e  h aem agg lu tin in  which i s  a n t ig e n ic a l ly  q u ite  d i s t i n c t  from  th a t  
o f  e a r l i e r  v a r i a n t s ” . The m a jo r ity  o f th e  boys had been  in f e c te d  
w ith  A sian  s t r a in s  b e fo re  e n te r in g  th e  school and p o sse ssed  
c i r c u la t in g  a n tib o d ie s  to  th e  N2 component. The use  o f  HK/Rec (H3 
Neq1) a n tig e n  as a  source o f haem agg lu tin in  ensu red  th a t  HI t i t r e s  
were n o t in f lu e n c e d  by th e  presence  o f N2 a n tib o d ie s .
The e s tim a tio n  o f a n tib o d ie s  to  th e  neuram inidase  re q u ire d  th e  
developm ent o f  a novel te ch n iq u e , s in ce  no e x is t in g  te ch n iq u es  were 
s u i ta b le  f o r  th e  numbers o f s e ra  to  be t e s t e d .  The ad ap tio n  o f  th e  
HI t e s t  to  d e te c t  neuram inidase a n tib o d ie s  (Dowdle e t  a l . 1972) 
seemed a t t r a c t i v e  s in ce  many a sp e c ts  o f  t h i s  t e s t  had a lre a d y  been 
s ta n d a rd is e d .
The f in d in g  th a t  f e tu in  a c ted  as an i n h ib i to r  o f  haem ag g lu tin in
was not unexpected as the  p rep ara tio n  o f f e tu in  involves the 
p r e c ip i ta t io n  of °< 2 g lycopro te ins p r e s e n t .p rim arily  in  the. N -acety l 
form of s i a l i c  ac id  compounds (Bucher and P a lese , 1975)* F etu in  
has been shorn to  mask 95/= of the haem agglutinating a c t iv i ty  of 
in flu en z a  v iru s  (Schulze, 1975c). I t  seems l ik e ly  th a t  the in h ib i t in g  
e f f e c t  of f e tu in  i s  due to  masking of the haem agglutination by 
I\T-a c e ty l  s i a l i c  ac id  compounds which are broken down by PDE trea tm en t. 
I t 'w a s  necessary  to  in v e s tig a te  the mechanism of the N-HT t e s t  and 
to  prove th a t  i t  was s p e c if ic a l ly  an tib o d ies  to  the neuram inidase 
which were b e ing  d e tec ted . By biochem ical an a ly s is  of the f e tu in  
and by re p la c in g  f e tu in  w ith '-sp ec ific  an ti-haem agglu tin in  i t  was 
p o ss ib le  to  p o s tu la te  a mechanism fo r  the t e s t .
Mechanism o f N-HI t e s t . '
This i s  shown diagram m atically in  F igure 1 M« The surface  
an tig en s  are shown in  ( l ) ;  during th e  f i r s t  s tage of the  N-HI t e s t  
an tib o d ie s  to  th e  v i r a l  neuram inidase ( i f  p resen t)  a t ta tc h  to  th e  
v iru s  (2 ) . The antibody la t i c e s  formed are  not u su a lly  s u f f ic ie n t  
to  in h ib i t  haem agglutination although they m ay.occasionally  give 
p a r t i a l  in h ib i t io n  (see Use of. KK/Rec page 60). During the second 
stage (3) th e  ad d itio n  of f e tu in  p a r t i a l ly  masks the  haem agglutinin 
and the a d d itiv e  e f fe c t  i s  s u f f ic ie n t  to  give haem agglutination 
in h ib i t io n  by s te r ic  hindrance. Comparison of the N-HI t e s t  and 
neuram inidase in h ib itio n , t e s t  using human and hyperimmune fowl se ra  
showed th a t  th e  N-HI t e s t  s p e c if ic a l ly  d e tec ted  an tib o d ies  to  the 
neuram inidase. The two techniques showed good c o r re la tio n  when 
c a r r ie d  out in  p a r a l l e l .  The f in a l  N-HI technique gave a high 
degree of re p ro d u c ib i l i ty  and r e la t iv e  s p e c if ic i ty  fo r  the th re e  
neuram inidase an tigens used. Once e s ta b lish e d  150 se ra  per day 
could be t i t r a t e d  ag a in s t the th re e  an tig en s .
fig. 1D mechanism of N-HI test 
( l )v ir u s  atone
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The com bination of HI and N-HI tech n iq u es  u sin g  seven an tig e n s  
gave a f a r  more comprehensive e s tim a te  o f th e  response  to  v a c c in a tio n  
and in f e c t io n  th an  was p o s s ib le  w ith  th e  use o f  th e  t r a d i t i o n a l  
HI t e s t  a lo n e .
I n f e c t io n s  in  th e  sch o o l.
As was expected  th e re  were a  number o f sp o rad ic  cases  o f  
in f lu e n z a - l ik e  i l l n e s s  in  th e  school d u ring  th e  t r i a l  p e r io d . A ll 
were in v e s t ig a te d  and a cause e s ta b lis h e d  in  18^  o f th e  c a s e s . This 
was s im i la r  to  th a t  from n o n -se le c te d  r e s p i r a to r y  t r a c t  in f e c t io n s  
in v e s t ig a te d  during  th e  same tim e in  t h i s  la b o ra to ry  and a lso  to  
th a t  found e a r l i e r  by o th e r  w orkers ( T y r e l l ,  19&5)* Some o f  th e se  
sp o rad ic  cases  were c l i n i c a l l y  in d is t in g u is h a b le  from in f lu e n z a  
however only  fo u r  showed evidence o f in f e c t io n  w ith  in f lu e n z a  v i r u s .
The f a c t  t h a t  cases o f in f lu e n z a - l ik e  i l l n e s s  occur due to  causes 
o th e r  th an  in fe c t io n  w ith  in f lu e n z a  v iru s  i s  w e ll documented and has 
been n o ted  s in ce  in f lu e n z a  A was f i r s t  i s o la te d , ( S tu a r t - H a r r i s  e t  a l , 
1938). Tn i th  the  ex cep tio n  o f one sm all o u tb reak  in  1970 non- 
in f lu e n z a l  in f e c t io n s  were sp o rad ic  o r  in  th e  case o f s tre p to c o c c a l  
in fe c t io n s  spread  f a i r l y  evenly  over s e v e ra l  m onths. However m ajor 
ou tb reak s  o f  in f lu e n z a  were c h a ra c te r is e d  by a sudden in c re a s e  in  
boys re p o r t in g  s ic k . The epidem ic curve ro se  to  a peak over th e  n e x t 
10 days th en  d ec lin ed . In  th e  1974 in f lu e n z a  o u tb reak  in f e c t io n s  w ith  
in f lu e n z a  B occu rred  a t  th e  same tim e as in f lu e n z a  A. C l in ic a l ly  
th e  two were id e n t ic a l  and i f  f u l l  la b o ra to ry  assessm ent o f  c a se s  had 
n o t been undertaken  g ro ss  m is in te rp re ta t io n  o f th e  e f f e c t  o f  v a c c in a tio n  
could  have o ccu rred .
Boys re p o r t in g  in f lu e n z a - l ik e  i l l n e s s  d u rin g  th e  h o lid a y  proved  
to  be an u n re l ia b le  source o f  in fo rm a tio n . T his i s  in  agreem ent w ith  
th e  f in d in g s  o f MacKenzie e t  a l  (1975) who concluded th a t  r e t r o s p e c t iv e
s e l f  d ia g n o s is  p ro v id es  l i t t l e  u s e fu l in fo rm a tio n  on in f lu e n z a  a t ta c k  
r a t e s .
. N a tu ra l in f e c t io n  w ith  in f lu e n z a  A.
I t  was n o t s u rp r is in g  to  f in d  th a t  95%° o f th e  1970 e n try  showed 
evidence o f p rev io u s  in f e c t io n  w ith  H2N2 (A sian) in f lu e n z a  A s t r a i n s .  
A ll th e se  hoys were b o ra  in  1957 o r 1958 and were th e re fo re  a l iv e  
during  the  whole o f  th e  A sian  in f lu e n z a  e ra .  This p ro p o r tio n  was 
m ain ta ined  u n t i l  1975 when i t  dropped to  Most o f th e  boys who
en te red  th e  school in  1975 were b o ra  in  1964 and must th e re fo re  
have been in fe c te d  w ith  A sian  s t r a in s  d u ring  th e  f i r s t  th re e  to  fo u r  
y e a rs  o f l i f e .  I t  was a lso  in te r e s t in g  th a t  h a l f  o f  th e  1970 e n try  
had evidence o f  p rev io u s  in f e c t io n  w ith  H3N2 s t r a in s  when th e  A/Hong 
Kong v iru s  had on ly  been in  c i r c u la t io n  f o r  two y e a r s .  A f te r  a  
f u r th e r  two y e a rs  two th i r d s  o f th e  1972 e n try  showed ev idence  o f  
in f e c t io n  w ith  A/Hong Kong s t r a in s .  A ll o f  th e  boys o f th e  1974 
e n try  had H3N2 a n t ib o d ie s .  I t  seems th a t  c h ild re n  a re  in f e c te d  
e a r ly  in  l i f e  and a c q u ire  experience  o f new a n tig e n ic  v a r ia n ts  o f  
in f lu e n z a  A v e ry  r a p id ly .
Follow ing in f e c t io n  b o th  HI and N-HI a n tib o d ie s  were p roduced . 
These o f te n  f e l l  i n  t i t r e  a f t e r  a few months b u t  rem ained d e te c ta b le  
f o r  a t  l e a s t  a few y e a r s .  I n  c h ild re n  o f  t h i s  age (11 —18 y e a r s )  
r e - in f e c t io n  w ith  a n tig e n ic  v a r ia n ts  was observed  a t  i n t e r v a l s  
b o o s tin g  th e  an tib o d y  t i t r e s .
The HI a n tib o d ie s  produced in  response  to  one s t r a i n  o f th e  
H3N2 s e r ie s  o f te n  c ro s s  re a c te d  w ith  fu tu re  v a r ia n t s .  T h is  can be 
seen from th e  a n tib o d ie s  p re se n t in  th e  e n try  s e ra  o f each c o h o rt.
In  th e  1970 e n try  h a l f  o f th o se  w ith  evidence o f  p rev io u s  in f e c t io n  
w ith  A/Hong Kong had c ro s s  r e a c t in g  HI a n tib o d ie s  to  A/Eng/72 and a 
th i r d  had c ro ss  r e a c t in g  an tibody  to  A/PC/73« I n f e c t io n  w ith  A/Eng/72
always produced HI antibody to  A/PC/73 and in fe c t io n  with A/PC/73 
produced HI antibody to  A /Scot/74*
The response  to  th e  neuram inidase a n tig e n  a lso  produced an tib o d y  
c ro ss  r e a c t in g  w ith  fu tu r e  s t r a i n s .  T his was most c le a r ly  seen in  
boys in fe c te d  w ith  A/Eng/72 where alm ost a l l  produced N-HI a n tib o d ie s  
c ro ss  re a c t in g  w ith  th e  Jk-2 (A/PC/73) neuram inidase.
The exam ination  o f e n try  s e ra  showed th e  in c re a s in g  com plexity  
o f  an tibody  p a t te r n  in  th e  s e ra  from su ccess iv e  annual e n t r i e s .  The 
i n i t i a l  an tib o d y  s t a t e  cou ld  be compared w ith  th a t  a f t e r  known 
in fe c t io n  and an e s tim a te  made o f th e  in f e c t in g  in f lu e n z a  s t r a in s  
b e fo re  e n try  to  th e  t r i a l .  S ince p rev io u s  in fe c t io n  w ith  A/Hong 
Kong s t r a in s  was shown to  in f lu e n c e  b o th  response  to  v acc in e  and 
th e  r e s u l t  o f ch a llen g e  t h i s  in fo rm a tio n  was e s s e n t ia l  i f  a  t r u e  
und ers tan d in g  o f th e  e f f e c t  o f th e  vacc ine  was to  be ach ieved . 
P ro te c tiv e  e f f e c t  o f  n a tu r a l  in f e c t io n .
The two o u tb reak s  o f  in f lu e n z a  A in  1972 and 1974 made i t  
p o s s ib le  to  a s s e s s ,  i n  boys o f  th e  c o n tro l groups who were b le d  
b e fo re  and a f t e r  th e  o u tb reaks w hether th ey  had symptoms o r  n o t ,  
who was in fe c te d  and what was th e  outcome o f c h a llen g e . The 1972 
o u tb reak  had i t s  main im pact on th o se  boys who had no ex p erien ce  
o f  th e  A/Hong Kong su b -ty p e , 80% were in fe c te d .  However, even in  
t h i s  presum ably s u sc e p tib le  group a t h i r d  o f  th e  in fe c t io n s  were 
n o t accompanied by symptoms o f in f lu e n z a . The in f e c t io n  r a t e  was 
much low er (32$) i n  th o se  boys w ith  p rev io u s  experience  o f  th e  A/Hong 
Kong sub-type  and two th i r d s  o f  th o se  in fe c te d  d id  n o t have symptoms 
o f  in f lu e n z a . Thus in f e c t io n  w ith  e a r ly  A/Hong Kong s t r a in s  was 
shown to  co n fe r s u b s ta n t ia l  p ro te c t io n  a g a in s t  ch a llen g e  w ith  th e  
A/Eng/72 s t r a in .
In  th e  1974 o u tb reak  th e  p r o te c t iv e  e f f e c t  o f  p rev io u s  in f e c t io n
was more marked. P rev io u s  in f e c t io n  w ith  e a r ly  A /iong Kong s t r a in s  
had l i t t l e  e f f e c t  on th e  outcome o f c h a llen g e  w ith  A / to r t  Chalm ers, 
p rev io u s  in f e c t io n s  w ith  A/Eng/72 however c o n fe rre d  com plete p ro te c t io n .  
(No boy known to  have been  in fe c te d  w ith  A/Eng/72 was r e - in f e c te d  in  
th e  1974 o u tb re a k ). The c o n tra s t  between th e  com plete p ro te c t io n  
c o n fe rred  by A/Eng/72 in f e c t io n  in  th e  1974 o u tb reak  and th e  p a r t i a l  
p ro te c t io n  c o n fe rre d  by A /long Kong in f e c t io n  in  th e  1972 ou tb reak  
may be accounted  f o r  by th e  d i f f e r e n t  r e la t io n s h ip s  between in f e c t in g  
and ch a llen g e  s t r a in s .
I t  i s  o f i n t e r e s t  to  no te  t h a t  th e re  was com plete p ro te c tio n  
from A /P o rt Chalmers ch a llen g e  in  th o se  boys who had s u b - c l in ic a l  
in f e c t io n s  w ith  A/Eng/72. I t  has been  shown th a t  th e re  was le s s  
h e te ro ty p ic  response  to  s u b - c l in ic a l  in f e c t io n  th a n  to  c l i n i c a l  
in f lu e n z a .
F u r th e r  evidence f o r  th e  p ro te c t iv e  e f f e c t  o f n a tu ra l  in f e c t io n  
on ch a llen g e  w ith  subsequent v a r ia n ts  was o b ta in ed  from th e  1976 
ou tb reak  (A /V ic to r ia /3 /7 5  in f e c t in g  s t r a i n ) .  There were boys s t i l l  
in  th e  schoo l who were known to  have been  in f e c te d  in  1972, w ith  o r  
w ith o u t symptoms o f in f lu e n z a . Of th e se  boys only  f iv e  (6 .5 $ ) were 
cases  in  th e  1976 o u tb reak . T his was s u b s ta n t ia l ly  le s s  th a n  th e  
case r a t e  (2 1 $ ), in  s im i la r  boys n o t known to  have been in fe c te d  in  
1972. In f e c t io n  w ith  A /P o rt Chalmers c o n fe rre d  com plete p ro te c t io n  
a g a in s t  symptoms o f  in f lu e n z a  on ch a llen g e  w ith  A /V ic to r ia . No boy 
in fe c te d  w ith  A /P ort Chalmers in  1974 had confirm ed c l i n i c a l  
in f lu e n z a  in  th e  1976 o u tb reak .
The f in d in g s  p re sen te d  su ggest t h a t  n a tu r a l  in f e c t io n  w ith  
in f lu e n z a  A co n fe rs  r e l a t iv e  o r  com plete p r o te c t io n  a g a in s t th e  n ex t 
v a r ia n t  o f th e  same sub-type and d im in ish in g  p ro te c t io n  a g a in s t  
f u r th e r  v a r i a n t s ,  depending on th e  degree o f d r i f t  t h a t  o c cu rs .
Response to  v a c c in e *
The s e ro lo g ic a l  response  to  th e  f i r s t  dose o f in a c t iv a te d  
in f lu e n z a  A v acc in e  depended upon p rev io u s  experience  o f  th e  same 
o r  a r e la te d  an tigen* Those, hoys w ith  no an tibody  to  th e  
haem agg lu tin in  o f  A/HK/68 g e n e ra lly  responded by producing  an tibody  
to  bo th  th e  haem agg lu tin in  and th e  neuram inidase o f th e  v acc in e  
s tra in *  The resp o n se  in  those  w ith  an tib o d y  to  th e  A/HK/68 a n tig e n  
was g e n e ra lly  co n fin ed  to  the  haem agg lu tin in . However th o se  who 
responded u s u a lly  a lso  produced an tibody  r e a c t in g  w ith  fu tu r e  
v a r ia n ts*  Almost a l l  o f  th e  boys who re c e iv e d  A/Eng/Vac o r  A/PC/Vac 
had some ex p erien ce  o f A/Hong Kong s tra in s *  Those w ith  no hom otypic 
an tibody  to  th e  v acc in e  s t r a in  g e n e ra lly  responded to  th e  
haem agg lu tin in  o n ly ; o f th o se  w ith  homotypic an tibody  about a  t h i r d  
f a i l e d  to  respond a t  a l l .  However most o f th o se  w ith  homotypic 
an tibody  who d id  respond a lso  produced h e te ro ty p ic  an tibody  to  
fu tu re  s t r a i n s .
There seemed l i t t l e  advantage in  re -v a c c in a tio n  w ith  th e  same 
s t r a in  s in ce  th e  an tib o d y  to  th e  second and th i r d  doses was p o o r.
An e s tim a te  o f  th e  response  to  r e -v a c c in a tio n  w ith  a d i f f e r e n t  
s t r a in  was p o s s ib le  in  th o se  boys g iven  A/Eng/Vac one y e a r  a f t e r  
t h e i r  f i r s t  dose o f  A/HK/Vac. At th e  tim e of r e -v a c c in a tio n  most 
had an tibody  to  A /Eng/72, e i th e r  n a tu r a l ly  acq u ired  o r vacc in e  
induced and th e  resp o n se  to  re -v a c c in a tio n  was g e n e ra lly  l im i te d  to  
th e  haem ag g lu tin in . T his was s im ila r  to  boys o f th e  same co h o rt 
who re c e iv e d  A/Eng/Vac as t h e i r  f i r s t  v acc in e .
P ro te c t iv e  e f f e c t  o f  v a cc in e .
Among boys who e n te re d  th e  t r i a l  i n  1970 and i 971 and had re c e iv e d  
one, two o r  th re e  doses o f  A/fflC/Vac, th e re  was no s ig n i f i c a n t  d if f e r e n c e  
in  a t ta c k  r a t e s  in  th e  1972 ou tbreak  (H oskins e t  a l , 1973)* The f a t e
o f co h o rts  w ith  d i f f e r e n t  n a tu r a l  experience  o f  in f lu e n z a  A
emphasised th e  com plex ity  o f e s tim a tin g  th e  p ro te c tiv e  e f f e c t  o f
vaccine in  th e  two o u tb reak s . I n  1972 th e  p ro te c t iv e  e f f e c t  o f
A/HK/Vac la y  betw een 28fo and 62^ 6 depending upon th e  p rev io u s
experience  o f  th e  boys v a c c in a te d . T his goes some way to  ex p la in in g
th e  wide range o f e s tim a te s  f o r  p ro te c t iv e  e f f e c t  o f vacc ine
recorded  in  th e  l i t e r a t u r e .  I f  th e  challenge s t r a in  in  1972 had been
an e a r l i e r  v a r ia n t  th an  A /Eng/42/72 th e  p ro te c t iv e  e f f e c t  o f  A/HK/Vac
may w e ll have been  much h ig h e r . The f a te  o f th e  1972 e n try  in  t h i s
ou tb reak  showed th a t  i t  was very  d i f f i c u l t  to  e s tim a te  th e
p ro te c tiv e  e f f e c t  o f  a v acc ine  in  a p o p u la tio n  a lre ad y  s u b s ta n t ia l ly
immune. Adequate and f u l l y  a sse ssed  c o n tro l groups were shown to  be
e s s e n t ia l  i f  an a c c u ra te  e s tim a te  o f vacc ine  p ro te c t io n  was to  be
made. In  th e  197^ ou tb reak  i t  was im possib le  to  e s tim a te  th e
p ro te c tiv e  e f f e c t  o f A/Eng/Vac a g a in s t  A /P ort Chalmers ch a llen g e  as
th e re  was no m atched c o n tro l group.
The purpose o f  v a c c in a tio n  i s ,  o f co u rse , to  p r o te c t  a g a in s t
c l i n i c a l  in f lu e n z a . The e x te n t to  which t h i s  i s  ach ieved  w i l l
depend upon a number o f f a c to r s :
th e  a n tig e n ic  c h a r a c te r i s t i c s  o f th e  in f e c t in g  s t r a i n ,
th e  p ro p o r tio n  o f th e  p o p u la tio n  s u sc e p tib le  to  i t ,
th e  in f e c t io n  r a t e ,
th e  a t ta c k  r a t e  in  th o se  in fe c te d .t
In  re c e n t y e a r s  a v a ila b le  v acc in es  have co n ta in ed  th e  s t r a in s  
o f in f lu e n z a  A c h a r a c te r i s t i c  o f  th o se  c i r c u la t in g  in  th e  p re v io u s  
w in te r . However, th e  a n tig e n ic  d r i f t  o f  th e  v i ru s  has r e s u l te d  in  
th o se  v a c c in a te d  b e in g  ch a llen g ed  ( i f  a t  a l l )  by a  s t r a in  somewhat 
d i f f e r e n t  from th a t  in  th e  v a cc in e .
I f  c e r ta in  assum ptions a re  made i t  i s  p o s s ib le  to  a ss e ss  th e  
l ik e ly  o v e ra l l  e f fe c t iv e n e s s  o f  a vaccine  to  a  community# The f i r s t  
assum ption concerns th e  e f f ic ie n c y  o f th e  vacc in e  in  p re v e n tin g  
in fe c tio n #  R e su lts  from t h i s  t r i a l  and th o se  o f S t iv e r  e t  a l .(l9 7 3 ) 
su g g ests  t h a t  t h i s  may be o f  th e  o rd e r  o f  50^* The second assum ption 
concerns th e  p ro p o r tio n  o f th o se  in f e c te d  who w i l l  develop c l i n i c a l  
in fluenza#  T his may be c h a r a c te r i s t i c  o f th e  s t r a i n  b u t ,  b ased  on 
th e  two ou tb reaks re p o r te d  h e re ,  would seem u n lik e ly  to  exceed 5 0 fo»
T his e s tim ate  i s  s im ila r  to  th e  experience  o f M ille r  e t  a l  (1973)5 
o th e r  w orkers (S t iv e r  e t  a l , 19735 M air, Sansome and T i l l e t t ,  1974-) 
suggest th a t  a much low er p ro p o r tio n  o f th o se  in fe c te d  w i l l  r e p o r t  
symptoms o f  in flu en za#  I n  F ig u re  2 D th e  p re d ic te d  e f f e c t  o f  th e  
v a cc in e , as m easured by th e  number o f cases  o f in f lu e n z a  p rev en ted  
in  100 people v a c c in a te d , i s  shown f o r  p o p u la tio n s  o f v a r io u s  degrees 
o f  immunity and exposed to  v a rio u s  degrees o f c h a llen g e . I n  th e  
g en e ra l p o p u la tio n  where th e  p ro p o r tio n  c h a llen g ed  by n a tu ra l  in f e c t io n  
i s  seldom l ik e ly  to  reach  2 0 fo th e  im pact o f  an ou tb reak  i s  u n l ik e ly  to  
be ap p re c ia b ly  m odified  by v a c c in a tio n  u n le s s  th e  immunity o f  th e  
p o p u la tio n  i s  very  low and accep tance  o f  th e  vaccine  very  h ig h . I n  a  
c lo sed  community where sp read  o f th e  ch a llen g e  v iru s  may be more 
e f f i c i e n t  a  U sefu l p r o te c t iv e  e f f e c t  may be ach ieved . I n  a b o a rd in g  
school such as th e  one where t h i s  vacc in e  t r i a l  was c a r r ie d  ou t th e  
e f f e c t  may be to  reduce th e  s iz e  o f an o u tb reak  to  manageable 
p ro p o r tio n s , a lthough  f o r  th e  in d iv id u a l  i t  may seem th a t  th e  
in e v i ta b le  had m erely been  postponed .
C irc u la tin g  an tibody  as an index  o f p ro te c t io n  a g a in s t c h a lle n g e .
The r e s u l t s  p re sen te d  i l l u s t r a t e  th e  problem  of try in g  to  
p re d ic t  immunity to  ch a llen g e  from an e s tim a te  o f serum a n tib o d ie s
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u n le ss  th e  o r ig in  o f th e se  a n tib o d ie s  i s  known. I n  th e  f i r s t  o u tb reak  
(1972) lOfo o f  th o se  w ith  no HI an tibody  to  A/Eng/7 2  were in f e c te d .
Of th o se  w ith  hom otypic HI a n tib o d ie s ;  2Of0 o f  th e  c o n tro l  group and 
2 0 fa o f th o se  whose an tibody  was w holly vaccine  induced were in f e c te d .  
Of th e  53 boys who had n a tu ra l  experience  o f  A/feong Kong s t r a in s  
b e fo re  v a c c in a tio n  and who had homotypic HI an tibody  b e fo re  th e  
o u tb reak  none were • in f e c te d .  N a tu ra lly  acq u ired  N-HI a n tib o d ie s  
e i t h e r  a lone  o r  in  com bination w ith  HI a n tib o d ie s  were a s s o c ia te d  
w ith  p ro te c t io n  from  symptoms o f in f lu e n z a ;  7/39 boys were in f e c te d  
b u t none had symptoms. Vaccine induced  N-HI a n tib o d ie s  a p p a re n tly  
made no c o n tr ib u tio n  to  p ro te c t io n  from in f e c t io n  o r  symptoms.
Thus in  1972 immunity to  challenge  was e q u a lly  w e ll p re d ic te d  by 
th e  p resence  o f  n a tu r a l ly  acq u ired  homotypic HI o r  N-HI a n tib o d ie s  
o r  vaccine  induced  homotypic HI a n tib o d ie s . V accine induced  N-HI 
a n tib o d ie s  were i r r e l e v a n t .
In  th e  1974 o u tb reak  n a tu r a l ly  acq u ired  homotypic HI and N-HI 
a n tib o d ie s  ag a in  e q u a lly  weH p re d ic te d  immunity to  c h a lle n g e . I n  
th e  v acc in e  group th o se  w ith  homotypic HI an tib o d y  on ly  were in f e c te d  
to  th e  same e x te n t as th o se  w ith  none w hereas th o se  w ith  hom otypic 
an tibody  b o th  to  th e  haem agglu tin in  and neuram inidase  were n o t 
in f e c te d .  T his may be ex p la in ed  by a d if f e r e n c e  in  a n tig e n ic  
s tim u lu s . B efore  th e  1972 ou tb reak  a n tib o d ie s  to  th e  in f e c t in g  
s t r a in  (A /Eng/72 ) had r e s u l te d  from in f e c t io n  o r  v a c c in a tio n  w ith  
A/faong Kong s t r a i n s .  In  1974 those  w ith  a n tib o d ie s  to  b o th  th e  
haem agg lu tin in  and neuram inidase o f A /P o rt Chalmers had a c q u ire d  
th e se  from in f e c t io n  w ith  A/Eng/72 whereas th o se  w ith  HI a n tib o d ie s  
on ly  had a cq u ired  them from in fe c t io n  o r  v a c c in a tio n  w ith  A/Hong Kong 
s t r a i n s .  T his would suggest th a t  th o se  w ith  ex p erien ce  o f  one s t r a i n
may be r e l a t i v e ly  o r  com pletely  Immune to  a c lo se ly  r e l a t e d  s t r a i n  
b u t f u r th e r  a n tig e n ic  d r i f t  re n d e rs  them, su sc e p tib le  even though th e y  
have c ro ss  r e a c t in g  HI a n tib o d ie s .
The s p e c ia l  co h o rt.
As a t o t a l l y  a sse sse d  group , p re se n t th ro u g h o u t, th e  s p e c ia l  
cohort were e s s e n t ia l  to  th e  t r i a l  and formed th e  backbone on which 
the  in te r p r e ta t io n  o f  r e s u l t s  was b ased . At th e  s t a r t  o f  th e  t r i a l  
many o f t h i s  group had no ex p erien ce  o f  A/fcong Kong s t r a in s  and th e  
high a t ta c k  r a t e  in  th e se  non-immune boys, could  be compared w ith  
those  who had n a tu r a l ly  a cq u ired  o r  vacc in e  induced  a n tib o d y . The 
inc idence  o f in f lu e n z a  A in f e c t io n s  in  t h i s  group could  be a c c u ra te ly  
determ ined and o f  p a r t i c u l a r  v a lu e , th e  number o f  s u b - c l in ic a l  c ase s  
th a t  o ccu rred  could  be e s tim a te d . W ithout t h i s  in fo rm a tio n  o n ly  th o se  
w ith  symptoms o f  in f lu e n z a  would have been co n sid ered  and an incom ple te  
o r  in a c c u ra te  e s tim a te  o f  th e  p ro te c t iv e  e f f e c t  o f  n a tu ra l  in f e c t io n  
o r  v a c c in a tio n  would have r e s u l te d .  I n  th e  1974 ou tb reak  th e  a t ta c k  
r a te  in  th e  vaccine  group was tw ice  th a t  in  th e  c o n tro l g roup .
W ithout knowledge o f th e  p rev io u s  in f e c t io n s ,  in c lu d in g  th o se  w ith o u t 
symptoms, i t  m ight have been concluded th a t  A/HK/Vac made th e se  boys 
more su sc e p tib le  to  ch a llen g e  w hereas, in  f a c t ,  A/Eng/72 in f e c t io n  
rendered  th e  c o n tro l group r e l a t i v e l y  immune. The p ro te c t iv e  e f f e c t  
o f n a tu ra l  in f e c t io n  a g a in s t  n a tu ra l  ch allen g e  was p a r t i c u l a r l y  w e ll 
dem onstrated  in  t h i s  group as  th e  tim e o f in f e c t io n ,  th e  in f e c t in g  
s t r a in  and th e  subsequent ch a llen g e  s t r a in  were known. In fo rm a tio n  
on th e  p e rs is te n c e  o f an tib o d y  o f known o r ig in  was m ainly  b a se d  on 
r e s u l t s  from th e  s p e c ia l  c o h o rt.
I t  may be concluded th a t  th e  s p e c ia l  co ho rt were th e  "known" 
and o th e r  co h o rts  th e  "unknown" in  an eq u a tio n  from which lo g i c a l
co n clu sio n s  could  be drawn.
The A /V ic to r ia  ou tbreak  1976.
Although th e  A /V ic to r ia  ou tb reak  o ccu rred  a f t e r  th e  end o f  th e  
s tu d y  p e rio d  and d e sp ite  th e  la c k  o f  a c o n tro l group some v a lu ab le  
in fo rm a tio n  le n d in g  support to  e a r l i e r  f in d in g s  was o b ta in ed . I t  
was seen in  th e  two p rev ious ou tb reak s t h a t  r e l a t i v e ly  few o f  th e  
new e n try  were a f fe c te d  t h i s  was a lso  t r u e  i n  th e  A /V ic to ria  ou tb reak  
o f  th e  1975 e n try . In  a l l  th re e  ou tb reak s  many o f  th e  new e n try  had 
evidence o f in f e c t io n  w ith  re c e n t H3N2 s t r a in s  and th e  low a t ta c k  
r a t e s  in  th e se  groups were p robab ly  r e l a t e d  to  t h i s  ex p erien ce .
P rev ious in f e c t io n  was again  shown to  c o r r e la te  w ith  p ro te c t io n  
from c h a lle n g e , no boys known to  have been in fe c te d  w ith  A /P ort 
Chalmers and very  few o f  th o se  in fe c te d  w ith  A/Eng/72 were case s  in  
1976. I t  was a lso  p o s s ib le  to  e s tim a te  th e  value  o f r e -v a c c in a tio n  
w ith  th e  same s t r a in .  The boys given A/PC/Vac in  1974 and 1975 had 
a s im i la r  a t ta c k  r a t e  in  197& to  th o se  who re c e iv e d  on ly  one dose o f  
A/PC/Vac in  1974* T his len d s  support to  th e  f in d in g  th a t  r e -v a c c in a tio n  
w ith  th e  same s t r a i n  was o f  l i t t l e  v a lu e . The wide d if f e r e n c e s  in  
a t ta c k  r a t e s  in  th e  d i f f e r e n t  co h o rts  em phasised th a t  th e  more t h a t  i s  
known about th e  v acc in ees  th e  l e s s  l i k e l y  i t  i s  t h a t  f a l s e  co n c lu s io n s  
a re  drawn.
CONCLUSIONS.
To conduct a  s a t i s f a c to r y  vaccine  t r i a l  t o t a l  assessm ent was 
shown to  he e s s e n t i a l .  A s ta b le  p o p u la tio n  should  be r e c r u i te d  and 
th e  s tudy  co n tinued  f o r  s e v e ra l y e a rs  i f  a com plete e s tim a te  o f  
th e  e f f e c t  o f vacc in e  i s  to  be o b ta in ed . C on tro l and vacc in e  groups 
must be matched f o r  age and p rev ious ex p erien ce  o f in f lu e n z a l  
in f e c t io n .  The e s tim a tio n  o f  serum a n tib o d ie s  to  haem agg lu tin in  and 
neuram inidase g iv e s  a c le a r e r  u n d ers tan d in g  o f  th e  immune s ta tu s  o f 
a  p o p u la tio n .
I n a c t iv a te d  in f lu e n z a  v acc ines a lthough  n o t p e r f e c t  were shown 
to  be o f some b e n e f i t  to  th e  community; to  th e  in d iv id u a l  i t  seemed 
th a t  th e  in e v i ta b le  was m erely postponed. The d if fe re n c e  betw een 
th e  p ro te c t iv e  e f f e c t  o f in a c t iv a te d  v acc in es  and n a tu r a l  in f e c t io n  
was s t r ik in g  and a l iv e  a tte n u a te d  vaccine  i s  c le a r ly  w orth e v a lu a tio n . 
I f  a l i v e  v acc in e  more c lo se ly  reproduces th e  e f f e c t  o f  n a tu r a l  
in f e c t io n  i t  would be expected  th a t  b e t t e r  p ro te c t io n  a g a in s t  ch allen g e
would r e s u l t .  The s u b s ta n t ia l  p ro te c t iv e  e f f e c t  o f  s u b - c l in ic a l
in fe c t io n  su g g es ts  t h a t  a  l iv e  a tte n u a te d  v acc ine  may be more
su c c e ss fu l th an  an in a c t iv a te d  v acc in e .
I t  was shown th a t  th e  a n tig e n ic  s tim u lu s  r e s u l t in g  in  th e  
p ro d u c tio n  o f  a n tib o d ie s  to  th e  su rface  a n tig e n s  was more im p o rtan t 
th an  th e  a n tib o d ie s  them selves. This may be p a r t ly  ex p la in ed  by  a 
d if fe re n c e  in  th e  q u a n tity  of the  a n tib o d ie s . I t  has r e c e n t ly  been 
shown th a t  b o th  th e  haem agglu tin in  (L av er, Downie and W ebster, 1976) 
and th e  neuram in idase (Dowdle e t  a l . 1976) have common and s p e c i f ic  
components. S c h ild  (1976) su g g ests  th a t  an tib o d y  to  th e  s p e c i f ic  
component o f  th e  haem agglu tin in  i s  many tim es  more p ro te c t iv e  a g a in s t  
ch a llen g e  th an  th a t  to  th e  common component. F u r th e r  in v e s t ig a t io n
by antibody adsorbtion techniques to  determine the s p e c if ic i ty  
of antibody produced by vaccination  and natural in fec tio n  ?70uld be 
valuab le .
Assessment o f v acc in es  becomes in c re a s in g ly  d i f f i c u l t  as a 
p o p u la tio n  i s  exposed to  p ro g ress iv e  v a r ia n ts  o f an in f lu e n z a  sub- 
ty p e . In fe c t io n s  ap p aren tly  occur e a r ly  in  l i f e  and many a re  r e ­
in fe c te d  a t  in te r v a l s .  A f te r  a few y e a rs  only  a sm all p ro p o rtio n  
o f th e  p o p u la tio n  yo.11 rem ain t o t a l l y  s u s c e p tib le . The c ircum stances 
o f t h i s  t r i a l  were unique and could on ly  be rep ea ted  i f  a new sub- 
type o f in f lu e n z a  A emerged and was s tu d ie d  f o r  about f iv e  y e a r s .
>
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Appendix A
ISOLATION TECHNIQUES.
C e ll c u l tu r e s , 
a# Rhesus monkey k idney  c e l l s .  (MFC c e l l s )*
Prim ary rh e su s  monkey kidney c e l l  c u l tu re s  as  m onolayers on 
hexagonal ’’J^yrex" "b o ttle s  were o b ta in ed  weekly from B io lo g ic a l  
S tandards C on tro l L a b o ra to ry , London o r  from th e  M ic ro b io lo g ic a l 
R esearch E s ta b lish m e n t, P orton  Down# On a r r i v a l  th e  c e l l  c u l tu re s  
were warmed to  37°C and 5 onP o r  pre-warmed 0 *25% tr y p s in  s o lu tio n  
was added# A f te r  one m inute th e  t r y p s in  was decan ted  and th e  c u l tu re  
p laced  a t  37°C f o r  20 m inu tes. C e lls  were th en  suspended i n  10 cm^ 
o f  growth medium, counted  and re -suspended  in  growth medium a t  a  
c o n c e n tra tio n  o f  100,000 c e l l s  p e r  cm^, th e  c e l l  su spension  was th en  
d ispensed  in  0 .3  cm^ amounts in to  100 X 13 mm tu b e s . The tu b e  
c u ltu re s  were in c u b a ted  a t  37°C in  a  rack  in c l in e d  a t  5°« When th e  
c e l l  sh e e t was c o n f lu e n t, u s u a lly  th re e  d ays, th e  growth medium was 
re p la ce d  w ith  a  serum f r e e  m aintenance medium and th e  c e l l  c u l tu re s  
were ready  f o r  use  f o r  v iru s  i s o la t io n ,  
b . Human embryonic lu n g  f ib r o b la s t  c e l l s .  (HEL c e l l s ) .
Human embryonic lung  f ib r o b la s t  c e l l  c u l tu re s  as  m onolayers 
on 150 cm^ m ed ical f l a t  b o t t l e s  were o b ta in ed  weekly from  B io lo g ic a l  
S tandards C o n tro l L abora to ry  o r  th e  M ic ro b io lo g ic a l R esearch  
E stab lish m en t. -On a r r iv a l  th e  c e l l  c u l tu re s  were warmed to  37°C 
and 2 cm^ o r  pre-warmed 0 .25$ try p s in  s o lu t io n  was added. A f te r  one 
m inute th e  t r y p s in  was decanted  and th e  c e l l  c u l tu re s  p la c e d  a t  37°C
3
f o r  20 m in u tes . C e lls  were then  suspended in  20 cm o f  grow th medium 
and th e  c e l l  su spension  d ispensed  in  0 .5  cm^ amounts in to  100 X 13 nun 
tu b e s . The tube  c u l tu re s  were in cu b a ted  a t  37° C in  a ra c k  in c l in e d  
a t  5 ° . When th e  c e l l  sh ee t was c o n f lu e n t, u s u a lly  th r e e  to  fo u r
days, th e  growth medium was re p la c e d  w ith  a serum f r e e  m aintenance 
medium and th e  c e l l  c u l tu re s  were ready f o r  use f o r  v iru s  i s o l a t i o n .
No c e l l  c u l tu re s  were used above th e  t h i r t i e t h  piassage. 
c , HeLa c e l l s ,
HeLa c e l l s  were o b ta in ed  from th e  P u b lic  H ealth  L a b o ra to ry , 
B r is to l  and m ain ta in ed  in  con tinuous passag e , T ry p s in is a tio n  o f 
c e l l  c u l tu re s  was as d e sc r ib e d  f o r  HEL c e l l s .  A f te r  t r y p s in i s a t io n  
th e  c e l l s  were suspended in  10 cm^ o f growth medium, counted  and
re-suspended  in  growth medium a t  a c o n ce n tra tio n  o f 5 0 ,0 0 0  c e l l s
3 3p e r  cm , th e  c e l l  suspension  was th e n  d ispensed  in  0 ,5  cm amounts
in to  100 X 13 mm tu b e s  and 10 cm^ amounts in to  150 cm^ m ed ical
f l a t  b o t t l e s  to  p rov ide  f u r th e r  c e l l  c u l tu re s .  Tube c u l tu r e s  were
in cu b ated  a t  37° C in  a rack  in c l in e d  a t  5° and b o t t l e s  l a i d  f l a t
a t  37°C. When th e  c e l l  sh ee t was c o n flu e n t, u s u a lly  th re e  to  f iv e
days, th e  growth medium was re p la c e d  w ith  m aintenance medium and
th e  tu b es  were ready  f o r  use f o r  v iru s  i s o la t io n  and th e  b o t t l e s
f o r  r e - t r y p s in i s a t io n .
Medium f o r  t i s s u e  c u l tu r e .
Growth medium f o r  MK c e l l s ,  HEL c e l l s  and HeLa c e l l s  c o n s is te d
o f E a g le 's  medium (Wellcome R eagents L td .)  w ith  th e  a d d it io n  o f  10 o^
f o e ta l  bovine serum (Plow L a b o ra to r ie s  L td .)  w ith  p e n i c i l l i n  and
3
s tre p to n y c in  to  a f i n a l  c o n c e n tra tio n  o f 1 0 0 /x g  p e r  cm • M aintenance
medium f o r  MK c e l l s  and HEL c e l l s  c o n s is te d  o f  E a g le 's  medium w ith
p e n ic i l l i n  and s trep to m y cin  to  a f i n a l  c o n ce n tra tio n  o f  l00>ug p e r  
3cm , f o r  HeLa c e l l s  f o e t a l  bovine serum was added to  make th e  
com pleted m aintenance medium.
I s o la t io n  P rocedure*
On a r r iv a l  a t  th e  la b o ra to ry  th r o a t  swabs ( in  t r a n s p o r t  medium) 
were examined f o r  b a c t e r i a l  pathogens by p la t in g  onto b lood  a g a r 
p l a t e s ,  th e se  were in cu b a ted  f o r  2if hours b e f o r e .exam ination* At 
th e  same tim e 0 ,2  cm^ o f  th e  t r a n s p o r t  medium from th e  swab was 
in o c u la te d  in to  two tu b es  o f each o f th e  th re e  c e l l  c u l tu re s .
T issue  c u ltu re s  were in c u b a ted , r o l l e d ,  a t  33°C f o r  15 days and 
examined d a ily  f o r  c y to p a th ic  e f f e c t .  Haem adsorbtion (G -ris t, Ross 
and B e l l ,  1974a) was c a r r ie d  ou t every  f iv e  days on th e  monkey k idney  
c e l l s .  Any t i s s u e  c u ltu re  showing c y to p a th ic  e f f e c t  o r  haem adsorbtion  
was passaged  to  f u r th e r  t i s s u e  c u l tu re s  and th e  agen t i d e n t i f i e d  by 
n e u t r a l i s a t io n  (G -rist e t  a l . 1974b). A f te r  in o c u la tio n  th r o a t  swabs 
were s to re d  a t  -20°C. A sample o f p o s i t iv e  and a l l  n eg a tiv e  swabs 
were re-exam ined a t  a l a t e r  d a te  to  confirm  o r ig in a l  f in d in g s*
Some problems were encountered  w ith  th e  monkey k idney t i s s u e  
c u l tu r e s .  I t  was n o ted  th a t  th e re  was c o n sid e rab le  b a tch  v a r ia t io n  
in  th e  q u a l i ty  o f th e  c e l l s .  Comparative t i t r a t i o n s  o f  in f lu e n z a  
v iru s e s  showed up to  a two lo g . d if f e re n c e  in  t i t r e  o f v iru s  on 
d i f f e r e n t  b a tch es  o f  c e l l s .  The re -ex am in a tio n  o f  i s o la t io n  
n e g a tiv e  swabs was on ly  c a r r ie d  o u t on monkey k idney  c e l l s  shown 
to  have good s e n s i t i v i t y  to  in f lu e n z a  by p r e te s t in g  w ith  s to re d  
th r o a t  swabs known to  c o n ta in  in f lu e n z a  v i r u s .
H aem aftftlutination in h ib i t i o n *
The v i r u s e s .
The s ix  s t r a in s  o f  in f lu e n z a  A l i s t e d  below were used  a s  sou rces 
o f  h aem ag g lu tin a tio n  a n tig en .
S tr a in  A b b rev ia tio n  Source
A /England/12/64  (H2N2) A/Eng/6 4 VRL
A/ftong Kong/1/68 (H3N2) A/HK/68 VRL
A /England/42/72 (H3N2) A/Eng/72 VRL
A /P ort C halm ers/1/73 (H3N2) A/PC/73 vo:c
A /S co tland /840 /74  (H3N2) A /Scot/7 4 WIC
A/Hong Kong/1 /6 8  (H3) X A /equ ine/P rague/1 /5 6  (Neq 1) HK/Rec WIC
Seed v i r u s  was o b ta in ed  from VRL, Dr. M.S. p e r e i r a ,  V iru s  
R eference L a b o ra to ry , C olindale  o r Y/IC, D r. G-.C. S c h ild , World 
In f lu e n z a  C en tre , M ill  H i l l .
P re p a ra tio n  and s to ra g e  o f a n tig e n .
Six ten -d ay  in cu b a ted  f e r t i l e  hens eggs were in o c u la te d  by th e
3
a l la n to ic  ro u te  w ith  0.1 cm o f  th e  egg -adap ted  seed  v i r u s  and
in cu b a ted  a t  35°C f o r  42  hours to  o b ta in  maximum in f e c t iv e  v iru s
y ie ld  (M il le r ,  1944)* The a l la n to ic  f l u i d s  were h a rv e s te d  and
haem ag g lu tin a tin g  (HA) t i t r e s  were de term ined . An a l l a n to ic  f l u i d
~5g iv in g  an HA t i t r e  o f  1/256 o r g re a te r  was s e le c te d  and d i lu te d  10
in  normal p h y s io lo g ic a l s a lin e  co n ta in in g  1 0 0 a»- g o f  p e n i c i l l i n  and
3
strep tom ycin  p e r  cm . The d i lu te d  a l l a n to ic  f l u i d  was in o c u la te d , 
by th e  a l l a n to ic  ro u te ,  (0 .1  cm^), in to  a  f u r th e r  e ig h te e n  te n -d a y  
in cu b a ted  f e r t i l e  hens eggs. These eggs were in cu b a ted  f o r  th r e e  
days a t  35°C. The a l la n to ic  f lu id s  were th e n  h a rv e s te d , poo led  
and checked f o r  HA t i t r e .  Where th e  HA t i t r e  was g r e a te r  th a n
1/256  th e  pooled a l la n to ic  f lu id s  were d is t r ib u te d  in  1 .0  cm  ^
volumes and s to re d  a t  -20°C. A s in g le  b a tch  o f HA an tig en  was 
p repared  f o r  each v iru s  and used th roughout th e  in v e s t ig a t io n .
Red b lood  c e l l s ,  c o l le c t io n  and s to ra g e .
Normal human group 0 rhesus p o s i t iv e  re d  b lood  c e l l s  were 
ob ta in ed  from th e  b lood  t ra n s fu s io n  departm ent o f S t. Luke*s H o sp ita l ,  
G-uildford. The b lood had been c o lle c te d  in to  ac id  c i t r a t e  d ex tro se  
a n tico ag u lan t.. Blood was s to re d  f o r  a maximum of fo u r  days b e fo re  
use in  HI t e s t s .
N euram inidase h aem a£ g lu tin a tio n  in h ib i t io n  te c h n iq u e s .
The v ir u s e s .
The th re e  recom binant in f lu e n z a  A v iru s e s  l i s t e d  below  were 
used as sources o f  neuram in idase  a n tig e n .
S tr a in  A b b rev ia tio n
A /eq u in e /P rag u e/1 /5 6  (Heq l )  X A./ftong Kong/1 /68  (N2) X15
A /eq u in e /P rag u e /l/5 6  (Heq 1 ) X A /England/i.2/72 (N2) X38
A /eq u in e /P rag u e /1 /5 6  (Heq 1 ) X A /P ort C halm ers/1/73 (N2) X42
Seed v i ru s  was o b ta in e d  from Dr. G-. C. S c h ild , World In f lu e n z a  
C entre.
A ntigen p re p a ra t io n  and s to ra g e , human re d  b lood  c e l l s  c o l le c t io n  
and s to rag e  were as p re v io u s ly  d e sc rib e d  under h aem ag g lu tin a tio n  
in h ib i t io n .
Fowl c e l l s  were o b ta in ed  from th e  C en tra l V e te r in a ry  L a b o ra to ry , 
New Haw. Blood (from  e igh t-w eek  o ld  ch ickens) was c o l le c te d  by h e a r t  
puncture  and added to  te n  tim es i t s  volume o f  A lsever*s s o lu t io n .  
S torage and s ta n d a rd is a t io n  was as  f o r  human re d  b lood  c e l l s .
S p e c if ic  a n t i s e r a  a g a in s t  th e  A /equine/Prague / 1 / 5 6 h aem ag g lu tin in  
(Heq 1 ) was r a i s e d  and su p p lie d  by D r. D. A lexander o f  th e  C e n tra l 
V e te r in a ry  L ab o ra to ry .
Complement f ix a t io n  t e s t s *
D ilu e n t,
B arb itone  b u ffe re d  s a l i n e ,  Oxoid CP d i lu e n t  t a b l e t s .  One t a b l e t
3
was d is so lv e d  in  100 cm o f  d i s t i l l e d  w a te r .
A n tigens,
In f lu e n z a  A, B and C, ad en o v iru s , p a ra - in f lu e n z a  (se n d a i s t r a i n ) ,  
r e s p i r a to r y  s y n c y tia l  v i r u s ,  Mycoplasma pneum oniae, p s i t t a c o s i s  and 
Q fe v e r  an tig en s  were su p p lied  by S tandards L ab o ra to ry , A ntigens 
were chessboard  t i t r a t e d  a g a in s t  known p o s i t iv e  human se ra  to  o b ta in  
th e  optimum d i lu t io n  f o r  u se .
Sheep re d  b lo o d  c e l l s .
Sheep RBC were washed th re e  tim es i n  s a l i n e ,  th e  packed c e l l  
volume e stim a ted  by h aem a to c rit and d i lu te d  to  g ive  a 2 ,0 ^  su sp en sio n . 
A n ti-sheep  haem olysin .
Chessboard t i t r a t i o n s  w ith  complement were c a r r ie d  ou t to  o b ta in  
th e  optimum d i lu t io n  f o r  u se . Equal volumes o f  a n ti-sh e e p  haem olysin  
d i lu t io n s  and 2 ,0$  o f  sheep BBC were mixed and p laced  a t  -*4°C 
overn igh t fo llow ed  by 30 m inutes a t  37°C b e fo re  chessboard  t i t r a t i n g  
w ith  complement d i lu t io n s .
Complement.
F reeze d r ie d ,  R ichardson* s p re se rv e d  complement was r e c o n s t i tu te d  
and used on th e  day o f t e s t .  Complement t i t r e  was tak en  to  be t h a t  
d i lu t io n  o f complement g iv in g  $Ofo l y s i s  o f  sheep RBC (HD50) a s  read  
from th e  complement-haemolysin ch essb o ard . Three HD50 was th e  
d i lu t io n  o f complement used  in  t e s t  s e r i e s .  One b a tc h  o f f r e e z e  
d r ie d  complement was s ta n d a rd is e d  and u sed  f o r  a l l  subsequent t e s t s .
Removal of anticomplementary effects in sera.
Any serum showing anticom plem entary a c t i v i t y  in  th e  serum 
c o n tro l was t r e a te d  w ith  complement in  an a ttem pt to  remove t h i s  
a c t i v i t y .  One volume o f serum 7/as added to  one volume o f u n d ilu te d  
complement and two volumes o f d i lu e n t ,  mixed and p laced  a t  44°C 
o v ern ig h t fo llow ed  by one hour a t  37°C. Excess complement was 
destro y ed  by h e a tin g  to  56° f o r  one hour.
Complement f ix a t io n  t e s t s  (CFT) te ch n iq u e#
CFT were carried out by the method of Bradstreet and Taylor, 
(1962) modified to use 0#025 cm^ unit volumes and microtitre trays#
One u n i t  volume o f serum was mixed w ith  th re e  u n i t  volumes o f 
d i lu e n t  in  a m ic r o t i t r e  t r a y  and p laced  a t  56°C f o r  one ho u r in  a  
m oist chamber. Doubling d i lu t io n s  o f  s e ra  from 1 /8  to  1/1022*. were 
p repared  u s in g  m ic ro -d i lu te r s .  One u n i t  volume o f  a n tig e n  a t  optimum 
use d i lu t io n  and one u n i t  volume o f complement a t  th re e  HD50 were 
added to  each w e ll and allow ed to  r e a c t  a t  4A°C o v e rn ig h t. Serum 
c o n tro ls  were d i lu te d  in  th e  same way on se p a ra te  t r a y s .  2 .C$ 
sheep RBC were p rep ared  and an equal volume o f  a n ti- s h e e p  haem olysin 
mixed w ith  th e  2 .0 ? o  c e l l s  g iv in g  a f i n a l  I.C^o suspension  which was 
p laced  a t  -f4°C o v e rn ig h t. RBC were pre-warmed f o r  30 m inutes a t  37°C 
and t r a y s  f o r  15 m inutes a t  37°G. One u n i t  volume o f RBC was added 
to  each w e ll ,  mixed and th e  t r a y s  h e ld  a t  37°C m ixing every  10 
m inutes f o r  30 m inutes b e fo re  p la c in g  a t  T e s ts  were re a d  a f t e r
a llow ing  RBC to  s e t t l e  f o r  two hours a t  -*4°C. Known p o s i t iv e  and 
n e g a tiv e  s e ra  and complement c o n tro ls  were in c lu d ed  w ith  each b a tc h  
o f t e s t s  and r e s u l t s  were n o t accep ted  u n le ss  th e se  gave th e  ex pec ted  
r e s u l t s .
REAGENTS AND EQUIPMENT USED II\T SEROLOGICAL TESTS
AND IN VIRUS ISOLATION PROCEDURES.
Form ulae.
T rypsin  s o lu t io n .
An 0 .25^  s o lu t io n  o f t r y p s in  1:250 was p rep a red  in  Hanks* 
b a lanced  s a l t  s o lu t io n  (P a u l, 1970) s t e r i l i s e d  by f i l t r a t i o n  and 
th e  pH a d ju s te d  to  7*0 by th e  a d d itio n  o f s t e r i l e  4*4^ NaHCO, 
so lu tio n  b e fo re  u se . The t r y p s in  so lu tio n  was s to re d  a t  -20°C .
V irus t r a n s p o r t  medium.
S te r i l e  bovine plasm a album in (BPA) s o lu tio n  was added to  
s t e r i l e  Hanks* b a lan ced  s a l t  s o lu tio n  g iv in g  a f i n a l  BPA c o n c e n tra tio n  
o f0 .1 ^ . The pH was a d ju s te d  to  7*2 by th e  a d d itio n  o f  s t e r i l e  4»4/£ 
NaHCO  ^ s o lu tio n  b e fo re  u se . T his was d i s t r ib u te d  in  3 cm^ volum es, 
checked f o r  s t e r i l i t y  and s to re d  a t  44°^ b e fo re  u se . A n tib io t ic s  
were n o t added as  th r o a t  swabs were a lso  c u ltu re d  f o r  b a c t e r i a l  
pathogens.
D ilu en ts  f o r  HI t e s t s .
31. S a lin e ; 8 .5g NaCl in  1000 cm d e io n ise d  w a te r , pH 6 .8  (a p p ro x ) .
2. CaMg S a lin e ; 8 .5 g  NaCl, 1.Qg CaCl2 , 1*0g MgS0^7H20 in  1000 cm^ 
d e io n ised  w a te r , pH 6 .8  (ap p ro x ).
3. D e x tro s e -g e la tin -v e ro n a l b u f f e r ;  0 .58g CgH ( d ie th y l  
b a r b i tu r i c  a c id ) ,  0 .38g  ( C ^ ) 2 C.CO.NH.C(ONa):N.C0. (Sodium 
b a rb i to n e ) ,  0 .6 g  G e la tin , 0 .02g CaCl2 , 0 .1 2g MgSO^THgO,
8 .5 g  NaCl, lO.Og Glucose in  1000 cm^ d e io n ised  w a te r , pH 7*2.
4* B arb ito n e  b u ffe re d  s a l i n e ,  Oxoid CF d i lu e n t  t a b l e t s ,  one t a b l e t  
was d is so lv e d  in  100 cm^ o f  d e io n ised  w a te r .
MATERIALS.
A n t ib io t ic s .
A n ti-sh eep  haem olytic  serum. 
Bovine plasm a albumin f r a c t io n  V. 
Complement. -
D ilu en t t a b l e t s .  Complement 
F ix a tio n  T es t d i lu e n t  
t a b l e t s .  Code BR 16 .
E a g le 's  medium (b a s a l)  TC 38 . 
F e r t i l e  hens eggs.
F o e ta l  bovine serum.
Human embryonic lung  f ib r o b la s t ,
a . WI-38  s t r a in .
b . MRC s t r a in .
V arious sources su p p lied  b y ,
Pharmacy,
S t. Luke*s H o sp ita l ,
G u ild fo rd .
Wellcome R eagents L td . ,
Beckenham.
Armour P harm aceu tica l Co. L t d . , 
E astbou rne .
Wellcome R eagents L td .
Oxoid L t d . ,
London.
Yfellcome R eagents L td .
Appleby Farm,
A shford . •
Flow L a b o ra to r ie s  L t d . ,
I r v in e ,
S co tlan d .
B io lo g ic a l  S tandards C on tro l
L a b o ra to ry ,
M edical R esearch C ouncil,
H o lly  H i l l ,
Hampstead,
London.
M ic ro b io lo g ic a l R esearch E s ta b lish m e n t, 
P o rto n  Down,
S a lis b u ry .
Medium 199 TC22. 
fy ro n eg .
R ecep tor d e s tro y in g  enzyme (RDE). 
Rhesus monkey k idney  c e l l s .
Sim
b .
Serum hyperimmune ch icken .
Serum, s p e c i f ic  v iru s  
n e u t r a l i s in g .
Sheep re d  b lo o d  c e l l s .
T rypsin  1 :250.
Wellcome R eagents L td .
D iversey  L t d . ,
B arn e t.
S tandards L ab o ra to ry ,
C o lin d a le ,
London.
B io lo g ic a l S tandards C on tro l
L ab o ra to ry . 
M ic ro b io lo g ica l R esearch E s tab lish m en t. 
Dr. D. A lexander,
C en tra l V e te r in a ry  L a b o ra to ry ,
New Haw.
S tandards L ab o ra to ry .
Yfellcome R eagents L td .
D ifco L a b o ra to r ie s  I n c . ,
D e t r o i t ,
M ichigan,
U.S.A.
EQUIPMENT.
A g g lu tin a tio n  t r a y s ,  p l a s t i c  - 
80 h o le . (WHO p a t te r n ) .  
A g g lu tin a tio n  t r a y s ,  p l a s t i c  
96 h o le .
Automatic sy r in g e s .
Balance S a to r iu s  type  2472. 
Bungs f o r  t i s s u e  c u l tu re  tu b e s . 
C en trifuge  M.S.E. Super M inor.
C ou lte r Counter Model S.
D ia ly s is  tu b in g  f o r  f e tu in  
p re p a ra t io n .
G lassw are.
In c u b a to rs . Type P2.
P restw are L t d . ,
London.
Flow L a b o ra to r ie s  L td .
R.B. Turner L td . ,
B ishops A uckland.
S c ie n t i f ic  In s tru m en t C en tre ,
Leek S t r e e t ,
London.
Esco (Rubber) L td . ,
14“ 16, G reat P o r tla n d  S t r e e t ,
London.
M easuring and S c ie n t i f i c  Equipment
Co. L t d . ,
Crawley.
C o u lte r E le c tro n ic s  L t d . ,
D unstab le .
Gallenkamp and Co. L td . ,
London.
M.R. C .,
C en tra l S to re s ,
C o lin d a le ,
London.
L abora to ry  and E l e c t r i c a l  E n g in ee rin g
Co. L t d . ,
Colwick.
M ic ro d ilu te rs  hand o p e ra ted
3 30;025  cm and 0 .0 5  cm
u n i t  volum es.
M icro p ip e ttes  hand o p e ra ted
0 .025  cm^ and 0 .0 5  cm^
u n i t  volum es.
pH m ete r, Model 292.
P la te  read in g  m ir ro r .
R acks, 30 h o le  t i s s u e  c u l tu re .
R e f r ig e ra to r s .
R o lle r  drums. Type EL.
" T ite r te k "  m u l t id i lu te r
3 30 .025  cm and 0 .0 5  cm
u n i t  volumes.
" T ite r te k "  m u l t ip ip e t te r
3
0 .025  cm u n i t  volum es. 
Tubes, t i s s u e  c u l tu re .
100 X 13 mm*
V ib ra to r  VR/4MP.
Plow L a b o ra to r ie s  L td .
Flow L a b o ra to r ie s  L td .
Fye TJnicam,
Cambridge.
Flow L a b o ra to r ie s  L td .
L ab o ra to ry  and E le c t r i c a l  E n g in eerin g
Co. L td .
P re s tc o ld  L t d . ,
T hea le ,
R eading.
L ab o ra to ry  and E le c t r i c a l  E ng ineering
Co. L td .
Flow L a b o ra to rie s  L td .
Flow L a b o ra to r ie s  L td .
Johnsen and Jo rgensen  L t d . ,
London.
Luckham L t d . ,
Labro Y/orks,
B urgess H i l l .
CHEMICALS
Ammonium su lp h a te . (NH^^SO^
Calcium c h lo r id e . CaClg.
Disodium hydrogen o rthophosphate .
Na2HP04 l2H20 .
G e la tin .
G lucose. C^ H^  20 ^ .
Magnesium c h lo r id e . MgCl^HgO. 
Magnesium su lp h a te . MgS0^7H20. 
Phenol re d .
Potassium  c h lo r id e . KC1. 
Potassium  dihydrogen phosphate .
kh2po .^
Sodium b a rb ito n e .
( C2H5 )C.CO.NH.C(ONa):N.CO. 
Sodium c h lo r id e . NaCl.
Sodium hydrogen carb o n ate .
NaHCO^.
B.D.H. L t d . ,
P oo le .
Hopkins and W illiam s,
Chadwell H eath .
Hopkins and W illiam s.
B.D.H. L td .
Hopkins and W illiam s.
B.D.H. L td .
Hopkins and W illiam s.
B.D.H. L td .
Judex ,
The G eneral Chemical Co. L t d . ,  
Wembley.
B.D.H. L td .
B.D.H. L td .
Judex.
Hopkins and Y Jilliam s.
Appendix B
A /V ic to r ia  o u tb reak , March 1976.
In  th e  autumn o f  1974 and 1975 a l l  boys in  th e  school and a l l  
new e n tra n ts  were o f fe re d  A/PC/Vac. There were no c o n tro l groups 
a lthough  some boys re fu se d  v a cc in e s .
V accines.
Year V irus I n te r n a t io n a l
u n i t s  p e r  dose
197^ A /P ort C halm ers/l/73  XFR8 300
and
A /England/42/72 XPR8 100
1975 A/Port Chalmers/l/73 XPR8 400
and
A/Scotland/840/74 XFR8 400
In  th e  sp r in g  term  o f 1976 th e re  was an ou tb reak  o f  in f lu e n z a  
caused by a s t r a in  s im i la r  to  A /7 ic to r ia /3 /7 5  (H3N2). Assessm ent 
o f  t h i s  o u tb reak  was com plicated  by  th e  h a l f  term  h o lid a y , when 
cases  were s t i l l  b e in g  seen and th e  f a c t  t h a t  in f lu e n z a  was 
Im m ediately  fo llow ed  by an ou tb reak  o f  cases w ith  h ig h  f e v e r  and 
d ia rrh o e a . Boys who re p o r te d  s ic k  during  th e  h a l f  term  were n o t 
a sse sse d  and have been excluded from t h i s  a n a ly s is  as  have some boys 
whose v acc ine  h i s to r y  was u n c e r ta in .
During th e  term  116 cases  o f  in f lu e n z a  were seen and confirm ed 
and a f u r th e r  19 boys shown n o t to  have been in f e c te d  w ith  in f lu e n z a  
A. The case s  seen  and confirm ed in  th e  d i f f e r e n t  co h o rts  a re  shown 
in  Table 1 B where i t  can be seen th a t  th e  boys o f  th e  1975 e n try  
had th e  low est a t ta c k  r a t e .
The r e la t io n s h ip  o f p rev io u s  in f e c t io n  w ith  in f lu e n z a  A and 
p ro te c t io n  from ch a llen g e  w ith  A /V ic/75 i s  shown in  Table 2 B. T his 
i s  re le v a n t  on ly  to  boys who were in  th e  school d u ring  th e . two 
p rev ious ou tb reaks o f in f lu e n z a  A. None o f th e  boys known to  have 
been in fe c te d  w ith  A /P ort Chalmers and on ly  f iv e  o f  th o se  known to  
have been in fe c te d  w ith  A/Eng/4 2 /7 2  were cases  in  1976.
A nalysis  o f  th e  in f e c t io n s  o c c u rrin g  in  each vaccine  c a te g o ry  
i s  shown in  Table 3 B. There was a marked s im i la r i ty  in  a t ta c k  r a t e s  
i s  those  who re c e iv e d  one dose o f  A/PC/Vac in  1974 and th o se  who were 
v acc in a ted  in  1974 and 1975* The d if fe re n c e  between th o se  boys in  
th e  o r ig in a l  c o n tro l group who were n ev er v a cc in a ted  and th o se  who 
re ce iv ed  vacc ine  b e fo re  1974 b u t n o t l a t e r  i s  la rg e ly  accoun ted  
f o r  by th e  in f e c t io n  in  th e  two groups d u rin g  th e  two p rev io u s  
ou tbreaks (se e  fo o tn o te  to  Table 3 B ).
The A/PC/Vac (1975) group (T able  3 B) c o n s is te d  m ainly  o f  th e  1975 
e n try , 116 o f 137 boys. An a n a ly s is  by an tibody  s ta t e  on e n try  to  th e  
t r i a l  f o r  th e  1974 and 1975 co h o rts  i s  shown in  Table 4  B where th e  
low a t ta c k  r a te  in  th e  1975 e n try  can be seen  to  be r e l a t e d  to  t h e i r  
p rev ious experience  o f l a t e  H3 s t r a i n s .
TABLE 1 B.
Cases o f  A /V ic to ria  seen and confirm ed in  each co h o rt
in 1976 outbreak.
Cohort. Total No. of cases (%)•
Year of entry 
to trial.
1970 1 78 23 (13)
1971 106 16 (15)
1972 108 22 (20)
1973 114 25 ( 22)
1974 104 23 (22)
1975 122 7 (6 )
TABLE 2  B.
Cases o f  A /V ic to r ia  seen and confirm ed in  1976 
r e l a t e d  to  p rev ious in f e c t io n .
(387 boys in  school during  b o th  p rev io u s  o u tb re a k s) .
P rev io u s  in f e c t io n .  T o ta l. N o.of cases  ( ^ ) .
Known A/Eng/42 / 72 . 11 5 (6 .3 )
Known A /P ort Chalm ers. 58 0 -
Not known to  have been  252 53 (21')
in fe c te d  w ith  e i t h e r .
TABLE 3 B.
Cases o f A / V i c t o r i a  seen and confirm ed in  1976
by v acc in e  g iv en .
Vaccine g iven . T o ta l in  group. No. o f cases  (?o).
A/PCAac 137 9 (6 .5 )
(1975).
A/PCAac 340 55 ( 1 6 )
(1974 ana 1975).
A/PCAac 97 16 ( 1 6 )
(1974).
AAac B efore 1974 40 7 (17*5)
n o t re -v a c c in a te d .
jjj
O rig in a l c o n tro l  33 3 (9 )
group n o t v a cc in a ted  
w ith  A.
Never v acc in a ted  82 23 (28)
n o t in  t r i a l .
Key: * = 12/40 known in fe c te d  in  1972 o r  1974*
** = 20/33 known in fe c te d  in  1972 o r  1974.
TABLE 4  B.
A ttack  r a te  in  1976 by i n i t i a l  an tibody  s t a t e .
197k and 1975 e n try •
A ttack  r a t e  in :
1974 e n try  1975 e n try
U n lik e ly  to  have been in fe c te d  
w ith  A/Eng/42/72 o r
A /P ort Chalmers 10//^  ^ 6  (11$)
( le s s  th an  3+3)*
P o ss ib ly  in f e c te d  w ith  A./EngA2/72
b u t n o t A_/Port Chalmers 1 /1 6  (($>) 3/29 ( i 0^5)
(3+3, 4+1, 4 +2 ) .
P o ss ib ly  in fe c te d  w ith
A /Port Chalmers 1 /29  (J$)  0/51
(4+3).
Not v a c c in a te d , n o t known. 11/25 0 /4
I n i t i a l  an tibody  
s t a t e .
T o ta l 23/icst. ( 22^ )  7 /1 2 0  (&/)
